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SUMMARY
The n u t r i t i o n a l  s t a t u s  o f  p a t i e n t s  w ith  s e n i l e  dem entia  and d e p re s s io n  
and o f  r e s i d e n t s  i n  P a r t  I I I  accommodation, compared to  community 
c o n t r o l s ,  were a s s e s s e d .  The b iochem ica l  and psychom etric  e f f e c t s  o f  
v i ta m in  supp lem en ta t ion  in  s e n i l e  and ’ phase-one d em en tia ’ were a l s o  
i n v e s t i g a t e d ,  and th e  e f f e c t s  o f  f o l a t e  d e f i c i e n c y  on th e  ’ i n - v i t r o ’ 
i n t e s t i n a l  t r a n s p o r t  o f  t ry p to p h a n ,  g lucose  and a s c o rb ic  a c id  and on 
th e  h i s to l o g y  and m i t o t i c  index  o f  th e  sm all  i n t e s t i n e  o f  th e  r a t  was 
s t u d i e d .
Low a s c o rb ic  a c id  and f o l a t e  s t a t u s ,  and low plasma-bound try p to p h a n  
c o n c e n t r a t io n s  were common f in d in g s  in  th e  p a t i e n t s  and r e s i d e n t s .  
Over a t h i r d  o f  a l l  s u b je c t s  had ev idence  o f  th iam in  d e f i c i e n c y .  With 
th e  p o s s ib le  ex c e p t io n  o f  a s c o r b ic  a c i d ,  th e s e  f in d in g s  cou ld  n o t  be 
e x p la in e d  in  te rm s o f  d i e t a r y  in t a k e  d a t a .
Plasma n o n - e s t e r i f i e d  f a t t y  a c i d s  and serum in s u l i n  l e v e l s ,  and u r i n a r y  
e x c r e t io n  o f  N -m ethy ln ico tinam ide r e l a t i v e  to  c r e a t i n i n e ,  f a c t o r s  t h a t  
a r e  known to  a f f e c t  plasma t ry p to p h a n  l e v e l s ,  cou ld  n o t  e x p la in  th e  
lower plasma-bound try p to p h an  found . Plasma albumin c o n c e n t r a t i o n s  
were lower in  p a t i e n t s  w ith  s e n i l e  dem entia  and in  p a t i e n t s  w ith  
b i - p o l a r  d e p re s s io n ,  and i t  i s  l i k e l y  t h a t  t h i s  was l a r g e l y  r e s p o n s i b l e  
f o r  th e  lower plasma-bound t ry p to p h an  l e v e l s  n o te d .  Plasma 
n o n - e s t e r i f i e d  f a t t y  a c id  l e v e l s  were low er in  u n i - p o l a r  d e p re s s io n  and 
t h i s  may have been th e  d e te rm in in g  f a c t o r  fo r  th e  lower plasm a-bound 
try p to p h an  l e v e l s  found in  th e s e  p a t i e n t s .
11
Evidence o f  hyperca lcaem ia  was found in  a h igh  p ro p o r t io n  o f  th e  
r e s i d e n t s  o f  P a r t  I I I  accommodation and in  p a t i e n t s  w ith  s e n i l e  
dem en tia .  The im portance o f  t h i s  f in d in g  to  th e  m en ta l d e f i c i t  seen  in  
th e  p a t i e n t s  and in  h a l f  o f  th e  r e s i d e n t s  i s  d i s c u s s e d .  A h ig h  
p ro p o r t io n  o f  low plasm a copper was a l s o  found in  th e  r e s i d e n t s  and 
t h e i r  c o n t r o l s .
Vitamin supp lem en ta t io n  in  s e n i l e  dem entia  r e s u l t e d  in  improved 
b iochem ica l s t a t u s , and th r e e  o f  th e  t e n  p a t i e n t s  s tu d ie d  showed 
improvement in  p s y c h o lo g ic a l  f u n c t i o n .  A g r e a t e r  improvement in  
psychometry was found in  phase-one dem en tia .
D ie ta ry  f o l a t e  d e f i c i e n c y  in  r a t s  r e s u l t e d  in  im paired  g lu c o se  
a b s o rp t io n  and a lower try p to p h a n  c o n c e n t r a t i o n  g r a d i e n t ,  b u t  a s c o r b i c  
a c id  a b s o rp t io n  was u n a f f e c t e d .  No s i g n i f i c a n t  changes were observed  
in  th e  h i s to l o g y  and m i t o t i c  index  o f  th e  sm all  i n t e s t i n e ,  though  
changes in  c e l l  p r o l i f e r a t i o n  was in d i c a t e d  by a lower c r y p t  c e l l / a d u l t  
c e l l  r a t i o  in  f o l a t e  d e f i c i e n c y .
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MHPG = 3-M ethoxy-4-H ydroxyphenyIglycol
NE = N orep inephrine
TH = T yrosine  Hydroxylase
TK - T ra n sk e to la s e
CHAPTER 1
INTRODUCTION
1.1 SENILE DEMENTIA
1 .1 .1  G eneral C o n s id e ra t io n s
Mental i l l n e s s  has been r e c o g n ise d  s in c e  e a r l i e s t  t im e s .  I t  was n o t  
u n t i l  the  n in e te e n th  c e n tu ry  t h a t  a com prehensive c l a s s i f i c a t i o n  o f  th e  
m ental i l l n e s s e s  was a v a i l a b l e .  To d a te  th e se  i l l n e s s e s  a r e  c l a s s i f i e d  
in to  two g ro u p s ,  th e  psychoses  and the  n e u ro se s .  The form er i n  t h e i r  
f u l l  form in v o lv e  i n s a n i t y ,  w h i l s t  th e  n eu ro se s  a r i s e  in  re sp o n se  to  
d i f f i c u l t y  o r  s t r e s s ,  n o t  le a d in g  to  i n s a n i ty .T h e r e  a r e  fo u r  c l a s s e s  o f  
n e u ro s e s .  These a re  th e  a n x ie ty  n e u ro s e s ,  n e u r o t i c  ( r e a c t i v e )  
d e p re s s io n ,  h y s t e r i a  and o b s e s s io n a l  n e u ro s e s .  The psychoses  can be 
d iv id ed  i n t o  f u n c t i o n a l  and o rg a n ic  p sychoses .  The f u n c t i o n a l  
psychoses com prise s c h iz o p h re n ia  and manic d e p re s s iv e  p sy ch o ses .  The 
o rg an ic  group in c lu d e s  th e  dem entias  o f  which th e r e  a r e  two main ty p e s ,  
th e  m u l t i - i n f a r c t  dem entias  and the  d e g e n e ra t iv e  d i s o r d e r s .
The m u l t i  i n f a r c t  d em en tia s ,  a l s o  c a l l e d  a r t e r i o p a t h i c  dem en tia ,  r e f e r s  
to  dem entia w ith  c l i n i c a l  f e a t u r e s  o f  m u l t ip l e  sm all  i n f a r c t s  
acc o u n tin g  fo r  something l i k e  a q u a r t e r  o f  a l l  demented p a t i e n t s  
(Marsden & H a rr iso n ,  1972). The d e g e n e ra t iv e  d i s o r d e r s  a r e  th e  s e n i l e  
and p r e - s e n i l e  d em en tia s .  The p r e s e n i l e  dem entias  in c lu d e  P i c k ’ s 
d i s e a s e ,  H un ting ton ’ s c h o rea ,  Jakob- C re u tz fé id t  ’ s d i s e a s e  and 
A lzheim er’ s d i s e a s e .  S t i l l  under d i s c u s s io n  i s  w hether s e n i l e  dem en tia  
forms an homogeneous g roup .
The fo l lo w in g  i s  a u s e f u l  d e f i n i t i o n  o f  dem entia  : -
’’Dementia i s  th e  g lo b a l  d i s tu rb a n c e  o f  h ig h e r  c o r t i c a l  f u n c t i o n s
in c lu d in g  memory, th e  c a p a c i ty  to  s o lv e  th e  problem s o f  day to  day
l i v i n g ,  th e  performance o f  p e rcep tuo -m o to r  s k i l l s ,  th e  c o r r e c t  use
o f  s o c i a l  s k i l l s  and c o n t r o l  o f  em otiona l r e a c t i o n s ,  i n  th e  absence  
o f  g ro s s  c lou d in g  o f  c o n sc io u s n e s s .  The c o n d i t io n  i s  o f t e n
i r r e v e r s i b l e  and p ro g r e s s iv e " .
( L an c e t ,  1981 ) .
In B r i t a i n  about 2 .4  p e rc e n t  o f  th o se  between th e  ages  o f  65 and 69 
y e a r s  s u f f e r  from dem entia .  The f ig u r e  r i s e s  to  22 p e r c e n t  f o r  th o se  
aged 80 and more (Kay, Beamish & Roth, 1964:Kay e t  a l . , 1970). The
same i s  t r u e  o f  most w es te rn  c o u n t r i e s .  In  America f o r  i n s t a n c e  , o f  
th o se  over 65 y e a r s ,  11 % have m ild  to  moderate dem entia  and about 4.5/5 
a re  s e v e r ly  demented (W isniewski & K ozlowski, 1982). These f i g u r e s  a r e  
a la rm in g ly  h igh  and what was once passed  o f f  a s  an i n e v i t a b l e  
consequence o f  age ing  has become o f  r e a l  conce rn .
Much o f  th e  r e s e a r c h  i n t o  s e n i l e  dem entia  has o ccu rred  in  th e  l a s t  two 
d eca d es .  P a th o lo g ic a l  exam ina t ions  have r e v e a le d  abnormal changes i n  
s e n i l e  dem entia  b r a i n s ,  and a number o f  s t u d i e s  have c o n s i s t e n t l y  shown 
reduced neu r o t r a n s m i t t e r  m etabolism  in  t h i s  d i s e a s e .  Such f i n d i n g s  
have le d  to  s tu d ie s  e x p lo r in g  p o s s ib le  cau ses  and mechanisms o f  how 
such changes may a r i s e ,  and th e r e  i s  ev idence  to  su g g es t  t h a t  n u t r i t i o n  
has a p la c e  in  th e  a e t io lo g y  o f  th e  d i s e a s e .  But b e fo re  rev ie w in g  th e  
ev id en ce ,  i t  i s  im p o r tan t  to  u n d e rs tan d  th e  n a tu re  o f  th e  d i s e a s e ,  th e  
d i f f i c u l t i e s  encoun te red  in  d ia g n o s i s  t h a t  o f t e n  a f f e c t  i n t e r p r e t a t i o n  
o f  r e s e a r c h  d a t a ,  and to  d e s c r ib e  th e  h i s t o p a t h o l o g i c a l  and 
neurochem ica l changes t h a t  p ro v id e  a b a s i s  fo r  th e  n u t r i t i o n a l  
invo lvem ent.  A lso , o th e r  c a u s a t iv e  f a c t o r s  must be c o n s id e re d  so t h a t  
th e  n u t r i t i o n a l  involvem ent can be seen  in  i t s  p ro p e r  c o n t e x t .
F i n a l l y ,  i t  must be s a id  t h a t  even though some drugs prove e f f i c a c i o u s  
in  a l l e v i a t i n g  some symptoms o f  th e  d i s e a s e ,  in  some p a t i e n t s ,  no 
s a t i s f a c t o r y  t r e a tm e n t  i s  y e t  a v a i l a b l e .
1 .1 .2  C l i n i c a l  F e a tu re s  o f  S e n i le  Dementia
The e a r l i e s t  symptom o f  a dem enting p ro cess  i s  f a i l u r e  o f  s h o r t  term  
memory o r  a change in  c h a r a c t e r  o r  behav iour  ( B a t c h e lo r , I 9 6 0 ) .  The 
syndrome i s  o f te n  concea led  by c a r in g  r e l a t i v e s  o r  by th e  p a t i e n t  
h im s e l f ,  who f e a r  fo r  i n s t i t u t i o n a l i s a t i o n .  Other symptoms i n v a r i a b l y  
p r e s e n t  a re  f a i l u r e  o f  f i n e r  judgem ent, c o n fu s io n ,  d i s o r i e n t a t i o n  f o r  
bo th  tim e and p la c e ,  and in c o n t in e n c e .  S hort te rm  memory i s  
p a r t i c u l a r l y  a f f e c t e d ,  le a v in g  long  term  memory i n t a c t .  The c o n d i t io n  
i s  s low ly  p ro g re s s iv e  in  n a tu re  , and may go u n n o ticed  a t  th e  o n s e t ,  
bu t th e  p a t i e n t  then  d e c l in e s  r a p i d l y  in  a downward s p i r a l  o f  m en ta l  
hand icap  (B le s s e d ,1980 ).  This p a t t e r n  o f  f a i l u r e  has  been l ik e n e d  to  
th e  f a i l u r e  o f  v i t a l  o rgans  such a s  th e  h e a r t ,  which f a i l s  in  
s u b - c l i n i c a l  form then  f a i l s  a b r u p t l y  and co m p le te ly  under  s t r e s s  
(B e re s fo rd ,  I960 ) .  According to  B e re s fo rd  ( I9 6 0 ) ;
"As th e  c o n d i t io n  p r o g r e s s e s ,  th e  mind r a p id l y  r e g r e s s e s  to  a 
c h i l d l i k e  and then  i n f a n t i l e  l e v e l  so t h a t  th e  p a t i e n t ’ s t a l k  and 
behav iour show a marked d e t e r i o r a t i o n " .
C l i n i c a l  d ia g n o s i s  i s  ex trem ely  d i f f i c u l t  a s  a number o f  c o m p l ic a t io n s  
a r i s e .  One such c o m p lica t io n  i s  d e p re s s io n .  This i s  n o t  s u r p r i s i n g ,  
a s  th e  p a t i e n t  w ith  s e n i l e  dem entia  o f t e n  shows a f f e c t e d  p e r s o n a l i t y ,  
and d e p re s s io n  o f  th e  r e a c t i v e  ty p e  i s  p r e s e n t  in  a s i g n i f i c a n t  number 
o f  demented p a t i e n t s , so t h a t  d i f f e r e n t i a t i o n  between a f f e c t i v e
psychoses  w ith  pseudo-dem entia  and dem entia  w ith  p s e u d o -d e p re s s io n  can 
be v e ry  d i f f i c u l t  ( B le ssed ,  1980 ) .
1 .1 .3  C h a r a c t e r i s t i c  b r a in  changes and d i f f e r e n t i a l  d ia g n o s i s  
i n  S e n i le  Dementia
A l a r g e  volume o f  in fo rm a t io n  i s  a v a i l a b l e  co nce rn ing  changes seen  in  
th e  b r a in s  o f  demented s u b je c t s  a t  p o s t  mortem. In s te a d  o f  l i s t i n g  a l l  
such changes s u f f i c e  i t  to  say  t h a t  c e r e b r a l  a t ro p h y  and n eu ro n a l  l o s s  
a r e  u s u a l ly  e v id e n t  in  th e  b r a in s  o f  p a t i e n t s  dying w ith  d em en tia ,  th e  
major p a th o lo g ic a l  i n s u l t s  o c c u r r in g  w i th in  th e  p o ly se n so ry  r e g io n s  o f  
th e  f r o n t a l ,  p a r i e t a l ,  tem pora l and o c c i p i t a l  lo b e s  (C rapper & De 
B o n i ,1980) .  That d e g e n e ra t iv e  changes in  th e  b r a in s  o c c u rre d  in  
dem entia  was no ted  in  th e  l a t e r  n in e te e n th  and e a r l y  tw e n t i e th  c e n tu ry  
by Pick ( 1892 ) ,  Alzheimer (1907) and Simchowicz (1910) among o t h e r s .  
The a s s o c ia t e d  neu ro p a th o lo g ic a l  changes in  A lzheim er’ s d i s e a s e  a r e  
c o r t i c a l  s h r in k a g e ,  n eu ro n a l l o s s ,  s e n i l e  p laques  and n e u r o f i b r i l l a r y  
t a n g l e s .  The o th e r  ty p e s  o f  dem entia  show w idespread  and s e v e re  
c o r t i c a l  neuron lo s s  and sometimes v e ry  s ev e re  g l i a l  p r o l i f e r a t i o n .  
The d i f f e r e n t  ty p e s  o f  dem entia  can be c l a s s i f i e d  acc o rd in g  to  th e  
s i t e s  o f  major p a t h o lo g ic a l  i n s u l t .  Such a c l a s s i f i c a t i o n  has been 
t r e a t e d  com prehensive ly  by Tomlinson ( I 98O). I t  has  been su g g e s te d  
r e c e n t l y  t h a t  hippocampal damage a lo n e  i s  th e  cause  o f  a l l  th e  
i n t e l l e c t u a l  im pairment seen  in  s e n i l e  dem entia  (B a l l  e t  a l . ,1 9 8 5 ) ,  
however th e re  i s  some d i s s e n t  from t h i s  view ( C o l l e r to n  & 
F a i r b a i r n , 1985) .  I t  i s  p e r t i n e n t  to  m ention a t  t h i s  s t a g e  t h a t  
d e g e n e ra t iv e  changes ,  n o t  u n l ik e  t h a t  found in  dem en tia ,  has  a l s o  been 
no ted  in  normal e l d e r l y  people (B le ssed  e t  a l . , 1968). F u r th e rm o re ,  
the  d i f f e r e n c e  between senescence  and p a t h o lo g ic a l  ag e in g  i s
q u a n t i t a t i v e  in  th e  amount o f  s e n i l e  p laques  and f i b r i l s  (Tom linson, 
1980) .  Whether o r  n o t  t h e r e  i s  a c o n t i n u i t y  between normal age ing  and 
p a t h o lo g ic a l  age ing  i s  a c o n t r o v e r s i a l  i s s u e .  Mann & S i n c l a i r  (1978) 
found nerve  c e l l s  in  A lzheim er’ s d i s e a s e  c o n ta in  no more l i p o f u s c i n  
ageing  pigment th an  c e l l s  from an e l d e r l y  c o n t r o l  g roup , su g g e s t in g  
t h a t  t h i s  i s  n o t  s im ply  an e x a c e rb a t io n  o f  normal a g e in g .
I t  has been p o in te d  ou t t h a t  d ia g n o s i s  o f  dem entia  and between th e  
d i f f e r e n t  ty p e s  i s  a d i f f i c u l t  t a s k ,  and i t  i s  f o r  t h i s  re a s o n  t h a t  a 
number o f  t e s t s  o f  i n t e l l e c t u a l  perform ance have been developed  to  
d i f f e r e n t i a t e  between th e  f u n c t i o n a l l y  i l l  from th o se  s u f f e r i n g  from 
o rg an ic  b r a in  syndrome. In  1968, B le ssed ,  Tomlinson & Roth d e s c r ib e d  a 
m ental t e s t ,  u s in g  a com bination  o f  e a r l i e r  t e s t s ,  t h a t  cou ld  
d i f f e r e n t i a t e  an a c u te  b r a in  syndrome from both th e  f u n c t i o n a l l y  i l l  
and the  demented p o p u la t io n s  t e s t e d .  Furtherm ore  c l i n i c o p a t h o l o g i c a l  
s tu d ie s  (Roth e t  a l . ,1966 ;B lessed  e t  a l . , I 968 ; Tomlinson e t , 
a l . , 1968 ,1970) have shown t h a t  t h e r e  i s  a good c o r r e l a t i o n  between 
c l i n i c a l  m easures o f  i n t e l l e c t u a l  d e c l in e  and s e v e r i t y  o f  d e g e n e r a t iv e  
b r a in  d i s e a s e ,  a s  measured by s e n i l e  p laque  c o u n ts ,  a t  p o s t  mortem in  
th e  same s u b j e c t s .  However, when o n ly  dements were c o n s id e re d  t h e r e  
was a wide d is c re p a n c y  in  p a th o lo g ic a l  d i a g n o s i s .  For example o f  29 
ca se s  d iagnosed  as s e n i l e  dements ( B l e s s e d , 1980), o n ly  19 had a 
p a th o lo g ic a l  d ia g n o s i s  o f  Alzheimer ty p e ,  i n d i c a t i n g  t h a t  c l i n i c a l  
d ia g n o s i s  o f  s e n i l e  dem entia  i s  by no means a c c u r a t e .N e v e r th e l e s s ,  
b r a in  d i s o r d e r  seems to  be th e  most im p o r ta n t  f a c t o r  i n  th e  developm ent 
o f  s e n i l e  dem en tia .  The q u e s t io n  rem ains  a s  to  th e  n a tu r e  o f  th e  
b iochem ica l a s s o c i a t i o n s  and th e  cau ses  o f  th e  a p p a re n t  b r a i n  changes  
so o f te n  found in  s e n i l e  dem en tia .
D i s t i n c t i o n  between th e  two ty p es  o f  o rg a n ic  d em en tia s ,  i . e .  s e n i l e  
dem entia  and a r t e r i o s c l e r o t i c  dem en tia ,  can o f t e n  be made on c l i n i c a l  
g rounds . For example, v a s c u la r  dem entia  p roceeds  i n  a  s te p -w is e
manner, whereas A lzheim er’ s d i s e a s e  i s  o f  a g ra d u a l  and p r o g r e s s iv e  
n a tu re  ( B l e s s e d , 1980). A lso , h y p e r te n s io n  and f i t s  a r e  more common, 
and p e r s o n a l i t y  i s  g e n e r a l ly  u n a f f e c te d  in  v a s c u la r  dem en tia .  This i s  
in  c o n t r a s t  to  A lzheim er’ s d i s e a s e  where h y p e r te n s io n  and f i t s  a r e  l e s s  
common, and p e r s o n a l i t y  d e t e r i o r a t i o n  i s  a marked f e a t u r e
(M ahendra ,1984a). A u s e f u l  s e t  o f  c l i n i c a l  r u l e s  a r e  th e  H a c h in s k i ’ s 
Ischaem ic Score (H ach insk i e t  a l .  (1975) .  Though C o r s e l l i s  (1969) has 
in d i c a te d  an o v e rd ia g n o s is  o f  th e  p re v a le n c e  o f  v a s c u la r  d em en tia ,  more 
r e c e n t l y  Roth (1982) concluded t h a t  th e  H ach in sk i’ s Ischaem ic Score i s  
a v a l i d  one. N e v e r th e le s s ,  th e  he te rogenous  n a tu re  o f  v a s c u l a r
dem entia  and A lzheim er’ s d i s e a s e  cou ld  le a d  to  e r r o r s  in  d i a g n o s i s ,  and 
t h i s  should  be taken  i n t o  accoun t when perfo rm ing  th e  d i f f e r e n t i a l  
d ia g n o s i s  (M ahendra ,1985). A h o s t  o f  c a u s a t iv e  f a c t o r s  o f  v a s c u la r
dem entia  have been d e s c r ib e d .  These in c lu d e  c l o t t i n g  d i s o r d e r s ,
m u l t ip l e  c e r e b r a l  embolism and m yocard ia l  i n f a r c t i o n  (M ahendra,1984b).
1 .1 .4  N e u ro tra n s m i t te r  a b n o r m a l i t i e s  in  S e n i le  Dementia
1 .1 .4 .1  Monoamine N e u ro t ra n s m i t te r s
There a r e  two ty p es  o f  monoamine n e u r o t r a n s m i t t e r s ,  th e  in d o leam in es  
and the  c a te c h o la m in e s .  F ig u re s  1.1 & 1 .2  shows th e  m e ta b o l ic  pathways 
o f  th e s e  neu r o t r a n s m i t t e r s .  A s u b s t a n t i a l  amount o f  work has  been done
on th e  l e v e l s  o f  th e  n e u r o t r a n s m i t t e r s  and t h e i r  m e ta b o l i t e s  i n  s e n i l e
dem entia .  G o t t f r i e s  e t  a l .  (1965) found reduced l e v e l s  o f  HVA i n  p o s t  
mortem b ra in s  o f  a group o f  p a t i e n t s  w ith  s e n i l e  d em en tia .  The a u th o r s
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noted  s p e c i f i c a l l y  t h a t  lower l e v e l s  were found in  th e  cau d a te  n u c leu s  
and th e  putamen. L a te r  reduced  l e v e l s  i n  th e  b a s a l  g a n g l ia  and g lobus 
p a l l i d u s  were a s s o c ia t e d  w ith  dem entia  ( G o t t f r i e s  e t  a l . , 1968, 1969). 
These w orkers found t h a t  th e  h ig h e r  th e  degree  o f  i n t e l l e c t u a l  
im pairm ent th e  lower were th e  l e v e l s  o f  HVA and assumed t h a t  p o s s ib ly  
o th e r  monoaminergic system s a r e  d i s tu r b e d  in  th e  CNS i n  d em en tia .  This 
was indeed  found to  be th e  case  when reduced  l e v e l s  o f  DA, 
3-m ethoxytyram ine, HVA, NE and 5-HT and in c re a s e d  l e v e l s  o f  MHPG in  th e  
cauda te  nuc leus  were r e p o r te d  in  a group o f  dem entia  p a t i e n t s  as  
compared to  age-m atched c o n t r o l s  (C a r ls s o n ,  1978). Reduced l e v e l s  o f  
HVA i n  a s s o c i a t i o n  w ith  dem entia  were a l s o  r e p o r te d  by A dolfsson  e t  a l .  
(1978).  These w orkers a l s o  found a s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  
between th e  degree  o f  dem entia  and th e  l e v e l  o f  NE. These f in d in g s  
su g g e s t  t h a t  in  s e n i l e  d em en tia ,  monoamine m etabolism  i s  reduced  and 
t h i s  i s  suppo rted  by reduced  c e r e b r a l  a c t i v i t i e s  o f  1-dopa 
deca rb o x y lase  and g lu tam ic  a c id  d eca rb o x y lase  (Bowen e t  a l . , 1974). 
F in d in g s  o f  in c re a s e d  l e v e l s  o f  MAO in  au to p sy  b r a in s  (A d o l l f f s o n  e t  
a l . ,1979) su g g es ts  t h a t  in c re a s e d  breakdown o f  th e  n e u r o t r a n s m i t t e r s  i s  
a c a u s a t iv e  f a c t o r  f o r  th e  low er c o n c e n t r a t io n s  o f  b r a in  monoamines 
found in  s e n i l e  dem en tia .  However, on ly  MAO a c t i v i t y  u s in g  
B -p h en y le th y lam in e , and n o t  5-HT o r  ty ram in e ,  was found to  be in c r e a s e d  
(A d o llf f so n  e t  a l . , 1979). S ince  MAO (B -pheny le thy lam ine) i s  l o c a l i s e d  
in the  g l i a l  c e l l s ,  and n o t  MAO (5-HT o r  ty ra m in e ) ,  t h i s  was ta k e n  to  
i n d i c a t e  a p r o l i f e r a t i o n  o f  g l i a l  c e l l s  i n  s e n i l e  d em en tia .  However, 
t h i s  does n o t  e x p la in  th e  o b s e rv a t io n s  by A d o llf fso n  e t  a l .  (1979) o f  
in c re a s e d  MAO (5-HT and ty ram ine) a c t i v i t y  in  p l a t e l e t s  from p a t i e n t s  
w ith  s e n i l e  dem en tia .  I t  cou ld  be t h a t  what occu rs  i n  p l a t e l e t s  does 
n o t  e x a c t ly  mimic what i s  a c t u a l l y  going  on in  nerve  c e l l s .
11
1 .1 .4 . 2  The C h o lin e rg ic  System
The b r a in  has an e x te n s iv e  c h o l in e r g ic  ne tw ork . The c e r e b r a l  c o r te x  
c o n ta in s  a l l  the  b ioch em ica l  components o f  th e  c h o l in e r g i c  system . 
F igure  1.3 shows th e  m e tab o l ic  ro u te  o f  ACh in  th e  b r a i n .  ChAT 
c a t a l y s e s  th e  co n v e rs io n  o f  a c e t y l  CO-A (o b ta in e d  from o x id a t io n  o f
g lu c o s e ; th e  e x a c t  s o u rc e s  a r e  n o t  known) and c h o l in e  (from blood) or
phospho lip id -bound  c h o l in e  to  ACh. S ince  1964 a number o f  r e p o r t s  have 
appeared  t h a t  showed d ec re a se d  l e v e l s  o f  ChAT and AChE in  b r a in  t i s s u e  
o b ta in e d  from p a t i e n t s  w ith  s e n i l e  dem entia  a t  necropsy  o r  b io p sy  ( 
Pope e t  a l . ,1964 ; F r i e d e , 1965;D avies & M oloney,1976;P e r ry  e t  
a l . , 1977;S p i l l a n e  e t  a l . ,1977 ;White e t  a l . , 1977 ;R eis ine  e t  a l . , 1978 and 
C ar lsso n  e t  a l . , 1978). The p s e u d o - c h o l i n e s te r a s e , BChE i s  a l s o
in c re a s e d  in  s e n i l e  dem entia  (P e r ry  e t  a l . , 1978a). I t  i s  d i f f i c u l t  to  
i n t e r p r e t  th e  d ec re ase d  l e v e l s  o f  f u n c t i o n a l  enzyme a c t i v i t y ,  s in c e  i t  
i s  n o t  c e r t a i n  v iie ther  changes i n  enzyme a c t i v i t i e s  r e f l e c t  an
a l t e r a t i o n  in  enzyme a c t i v i t i e s  p e r  c e l l  o r  an a c t u a l  change in  c e l l  
numbers ( P e rry  & P e r ry ,  198O). Also th e r e  may be m u l t i p l e  m o le c u la r  
forms o f  AChE and ChAT i n  th e  b r a in  ( Fonnum & M a lth e -S o re n ssen ,  
1973;Karlson & Fonnum, 1977). However, i t  may be c o r r e c t  to  say  t h a t  
th e  changes in  enzyme a c t i v i t i e s  r e f l e c t  d im in ished  c h o l i n e r g i c  
t r a n s m is s io n  in  th e  s e n i l e  dem entia  b r a i n .  Most o f  th e  n e o c o r t i c a l  
c h o l in e r g ic  a b n o rm a l i t i e s  in  s e n i l e  dem entia  have n o t  been observed  in  
o th e r  m enta l d i s o r d e r s  ( P e r ry  & P e r ry ,  1980 ) .  One approach  to  check  
w hether th e r e  i s  an a s s o c i a t i o n  between abnormal c h o l in e r g i c  f u n c t io n  
and s e n i l e  dem entia  i s  to  i n v e s t i g a t e  w hether t h e r e  i s  any a s s o c i a t i o n  
between th e  degree  o f  abnormal b io c h em ic a l  c h o l in e r g ic  f u n c t io n  and th e  
p a t t e r n  o f  h i s to p a th o lo g i c a l  change . Such a c o r r e l a t i o n  has  been 
re p o r te d  by Perry  & P e rry  (1980) f o r  ChAT, bu t n o t  f o r  AChE.These
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w orkers  p o in te d  to  p o s s ib le  d i f f i c u l t i e s  i n  i n t e r p r e t i n g  th e  r e s u l t s  
such a s : -  th e  in f lu e n c e  o f  a t ro p h y ;  i f  c e r t a i n  b r a in  r e g io n s  a r e  
a f f e c t e d  by a t ro p h y  to  d i f f e r e n t  e x t e n t s  then  com parisons between 
enzyme a c t i v i t i e s  measured on a u n i t  w eight o r  p r o t e i n  base  may n o t  be 
v a l i d ;  and th e  p resence  o f  ChAT & BChE in  c e r e b r a l  b lood  may 
com plica te  th e  r e s u l t s .  A lso , a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
between ChAT l e v e l s  in  th e  p o s t  mortem s e n i l e  b r a in  and c l i n i c a l  
m easures o f  i n t e l l e c t u a l  a b i l i t y  has  been found (P e r ry  e t  a l . ,1978b).  
An i n v e s t i g a t i o n  (Bowen e t  a l . , 1977; 1979) in t o  th e  n e u ro n a l  changes
in  th e  tem pora l lo b e  shows t h a t  t h e r e  i s  a p ro b ab le  l o s s  o f  n e o c o r t i c a l  
neurons in  A lzheim er’ s d i s e a s e ,  b u t  f u r t h e r  work i s  needed in  t h i s  a r e a  
to  de term ine  whether in  A lzheim er’ s d i s e a s e  th e r e  i s  a s e l e c t i v e  l o s s  
o f  e i t h e r  c h o l in e r g ic  neurons o r  c h o l in e r g ic  nerve  e n d in g s .
1 .1 .5  B ra in  C arbohydrate  M etabolism in  S e n i le  Dementia
The human b ra in  no rm ally  depends on a con t inuous  sup p ly  o f  g lu c o se  and 
oxygen fo r  i t s  m e tab o lic  a c t i v i t y .  With th e  adven t o f  r e f in e d  
te c h n iq u e s ,  such as  th e  n o n - in v a s iv e  te c h n iq u e  to  measure r e g io n a l  
c e r e b r a l  blood flow (^CBF) (V ea l l  & M a l l e t t ,1966),  s t u d i e s  have shown 
t h a t  r e g io n a l  v a r i a t i o n s  i n  CBF o ccu rs  t h a t  depend on th e  m en ta l  
a c t i v i t y  o f  th e  s u b j e c t ,  i . e .  w hether r e s t i n g  or m e n ta l ly  a l e r t  
( B a c h e la r d ,1981;M ahendra ,1984c). Such f in d in g s  a r e  o f  p a r t i c u l a r  
i n t e r e s t  to  dem entia d i s o r d e r s ,  where im pairm ent o f  h ig h e r  i n t e g r a t i v e  
fu n c t io n  o c c u rs .  T h e re fo re ,  a t  f i r s t  hand i t  might be i n t u i t i v e l y  
supposed t h a t  changes i n ,  f o r  example,rCBF o ccu rs  i n  d em en tia .  T h is ,  
i n  f a c t ,  ap p ea rs  to  be th e  c a s e ,  a s  s t u d i e s  have shown reduced^CBF and 
reduced c e r e b r a l  mean r e g io n a l  oxygen consumption (rCMR0 2 ) in  s e n i l e  
dem entia  and in  c e re b ro v a sc u la r  d i s e a s e ,  a s  w e ll  as  o th e r  dem en tia
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d i s o r d e r s ,  such as  P ic k ’ s d i s e a s e  and dem entia  due to  traum a 
(M ahendra ,1984c).
With s e n i l e  dem en tia ,  e a r l y  ev idence  had p rov ided  c o n t r a d i c t o r y  
r e s u l t s ,  b u t  i t  has been p o in te d  ou t t h a t  such s t u d i e s  f a i l e d  to  
s e p a r a te  th e  d i f f e r e n t  a e t i o l o g i c a l  ty p e s  ( R u s s e l l , 1980).
The ev idence  i s  now s t r o n g ly  in  favou r  o f  reduced fCBF and ^CMR02 in  
s e n i l e  dem en tia ,  and th e  r e d u c t io n  c o r r e l a t e s  w ith  th e  s e v e r i t y  o f  
i n t e l l e c t u a l  im pairm ent and th e  d u r a t io n  o f  th e  i l l n e s s  (Yamaguchi e t  
a l . ,1980; Frackowiak e t  a l . ,1 9 8 1 ) .  F u rtherm ore , th e  d i s o r d e r  a p p e a rs  
to  be a b i l a t e r a l  hem ispheric  d i s o r d e r ,  a ffecting^C B F th ro u g h  g re y ,  and 
n o t  w h ite  m a t te r  (M ahendra ,1984c). The r e d u c t io n  i n  rCBF found in  
s e n i l e  dem entia  can be i n t e r p r e t e d  in  te rm s o f  reduced  demand, and n o t  
d im in ished  su p p ly ,  s in c e  t h e r e  i s  a r e d u c t io n  i n  th e  w eigh t o f  c e r e b r a l  
g rey  m a t te r  t h a t  ap p ea rs  to  be accompanied by reduced  m e tabo lism  
( R u s s e l l , 1980) .  Such reduced  demands a r e  a p p a r e n t ly  n o t  due t o  th e  
p resence  o f  ischaem ic  t i s s u e ,  s in c e  th e  O2 -  e x t r a c t i o n  r a t i o  ( th e  
degree  to  which t i s s u e s  remove oxygen) i s  unchanged in  s e n i l e  dem en tia  
(M ahendra ,1984c), and ischaem ic l e s i o n s  a r e  n o t  u s u a l l y  found in  b r a i n s  
removed a t  au to p sy  ( R u s s e l l , 1980). Thus, u n l ik e  m u l t i - i n f a r c t  
dem en tia ,  th e  ev idence  i s  n o t  i n  favour o f  s e n i l e  dem en tia  hav ing  a 
v a s c u la r  c a u se .
F a c to rs  o th e r  than  o rg a n ic  m en ta l im pairm ent a f f e c t  r^BF. C h r i s t  
( 1978 ) ,  from e a r l i e r  d a t a ,  no ted  t h a t  t h e r e  i s  an a g e - a s s o c i a t e d  
d e c l in e  in  CBF, so t h a t  th e  d e c l in e  in  rCBF found in  p a t i e n t s  w ith  
s e n i l e  dem entia  c o u ld ,  to  some e x t e n t ,  be a t t r i b u t e d  to  a g e in g .  The 
a u th o r  ( C h r i s t , 1979) concluded t h a t  t h e r e  was a c o n t i n u i t y  o f  d e c l i n e
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in  ,-CBF w ith  ag e ,  w ith  s e n i l e  dements having  a more profound change . 
Such a c o n c lu s io n  a p p ea rs  to  be i n  keep ing  w ith  th e  h y p o th e s i s  t h a t  
s e n i l e  dem entia i s  an ex ag g e ra ted  form o f  ag e in g .
Another f a c t o r  a f fec t in g fC B F  i s  b lood p r e s s u r e ,  and in  one s tu d y  
in v o lv in g  p a t i e n t s  w ith  s e n i l e  dem entia  and c e r e b ro v a s c u la r  d i s e a s e ,  a 
s t ro n g  c o r r e l a t i o n  between blood p r e s s u re  and CBF was found , p o in t in g  
to  the  p o s s i b i l i t y  o f  d e f e c t i v e  a u t o r e g u la t io n ,  though no such d e f e c t  
was found in  a s e p a r a t e  s tu d y  (M ahendra ,1984c).
F in d in g s  o f  reduced  ^CBF, pCMRO and c e r e b r a l  mean r e g io n a l  g lu c o se  
u t i l i z a t i o n  ( ^CMRGl ) i n  s e n i l e  dem entia  (S o k o lo f f ,1956) su g g e s t  a 
r e d u c t io n  in  c e r e b r a l  c a rb o h y d ra te  m etabolism  in  t h i s  d i s e a s e .  This 
a s s o c i a t i o n  i s  c l o s e l y  i n t e g r a t e d  w ith  a l t e r e d  n e u r o t r a n s m i t t e r  
s y n th e s i s  and th e  m en ta l im pairm ent seen  in  p a t i e n t s  w ith  s e n i l e  
dem en tia .  That t h i s  i s  s o ,  i s  a p p a re n t  from th e  f a c t  t h a t  v a r io u s  
f a c t o r s  t h a t  im p a ir  c a rb o h y d ra te  o x id a t io n  can a l s o  im p a ir  h ig h e r  
i n t e g r a t i v e  fu n c t io n .  These in c lu d e  c e r e b r a l  hypox ia ,  hypog ly caem ia , 
and d i e t a r y  th iam in  d e f i c i e n c y  (B la ss  & G ib s o n ,1980). Impairment o f  
ca rb o h y d ra te  o x id a t io n  i s  a l s o  a s s o c i a t e d  w ith  im pa ired  ACh s y n t h e s i s  
(B la ss  & G ib s o n ,1980). A lso , im pairm ent o f  c a rb o h y d ra te  m etabo lism  
caused by m ild  hypoxia can le a d  to  im paired  ca tech o lam in e  and 5-HT 
s y n t h e s i s ,  a s  w e ll  as im paired  ACh s y n th e s i s  (B la ss  & G ibson, 1980).
Hence, by e l i c i t i n g  an im pairm ent i n  c a rb o h y d ra te  o x id a t io n ,  h ig h e r  
i n t e g r a t i v e  fu n c t io n  may be im pa ired  and neu r o t r a n s m i t t e r  s y n t h e s i s  
red u ced .  B ut, what i s  cause and what i s  e f f e c t  i n  th e  n a t u r a l  
o ccu rren c e  o f  im paired  h ig h e r  i n t e g r a t i v e  fu n c t io n  in  s e n i l e  dem en tia  
i s  u n c l e a r .  Sims e t  a l .  (1980) i n v e s t i g a t e d  f i v e  p a t i e n t s  w ith  s e n i l e
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dem entia  and found t h a t  th e  s y n th e s i s  o f  ACh was s i g n i f i c a n t l y  reduced  
in  c o r t i c a l  b io p sy  samples w ithou t any s i g n i f i c a n t  change in  o v e r a l l  
g lu co se  m e tabo lism . T h e re fo re ,  im pairm ent o f  h ig h e r  i n t e g r a t i v e  
fu n c t io n  and the  reduced  c e r e b r a l  ACh s y n th e s i s  r e p o r te d  in  s e n i l e  
dem entia  canno t be s o l e l y  a s c r ib e d  to  im paired  g lu co se  m e tabo lism , nor 
can th e  m en ta l d e f i c i t  be a s c r ib e d  to  oxygen l a c k ,  s in c e  m i ld e r  
im pairm ent o f  c e r e b r a l  o x id a t io n  t h a t  can im pa ir  h ig h e r  i n t e g r a t i v e  
f u n c t io n ,  do n o t  im p a ir  th e  supp ly  o f  energy  to  th e  b r a in  (Y atsu  e t  
a l . , 1975).
1 .1 .6  G enetic  and V i r a l  Evidence in  S e n i l e  Dementia
I t  has been su sp e c ted  fo r  some tim e now t h a t  s e n i l e  dem en tia  i s  
e s s e n t i a l l y  a g e n e t ic  d i s o r d e r .  Three l i n e s  o f  ev idence  s u p p o r t  t h i s  
view: a h ig h e r  concordance r a t e  f o r  th e  d i s e a s e  in  monozygotic tw in s
th a n  in  d iz y g o t ic  tw ins  has been n o ted  (K a llm an n ,1956); s t u d i e s  
in v o lv in g  whole f a m i l i e s  have c o n s i s t e n t l y  shown a s t r o n g  tendency  f o r  
th e  d i s e a s e  to  be h e r e d i t a r y  in  n a tu r e  (L arsson  e t  a l . ,1963; H eston  & 
W h i te ,1978);  and some p a t i e n t s  w ith  s e n i l e  dem entia  have been found to  
have a b n o rm a l i t i e s  in  t h e i r  chromosomes ( N i e l s e n , 1968). However, by no 
means i s  i t  im p lied  t h a t  th e  d i s e a s e  i s  t o t a l l y  g e n e t i c a l l y  
c o n s t i t u t e d .  For i n s t a n c e ,  th e  concordance r a t e  i n  m onozygotic tw in s  
no ted  by Kallman (1956) was l e s s  th a n  100 % (4 2 .8  %), and th e r e  a r e  two 
case  r e p o r t s  o f  monozygotic tw ins  d i s c o r d a n t  f o r  th e  d i s e a s e  i n d i c a t i n g  
th a t  g e n e t ic  f a c t o r s  a lo n e  canno t accoun t f o r  th e  d i s e a s e  in  p e rs o n s  o f  
normal k aryo type  (W h a l le y ,1982). M oreover, a t  l e a s t  one s tu d y  was 
unab le  to  dem onstra te  abnormal chromosomes in  s e n i l e  dem en tia  
(F e ld m an ,I969 ) .
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Sinex  and Myers (1982) showed t h a t  th e  p r o b a b i l i t y  t h a t  a f i r s t  degree  
r e l a t i v e  o f  a person  c a r ry in g  a gene f o r  A lzheim er’ s d i s e a s e  might 
e x p re s s  th e  d i s e a s e  by th e  age o f  80 to  85 y e a r s  i s  between 0 .10  and 
0 .1 5 ,  w ith  12 % o f  th e  p o p u la t io n  b e in g  c a r r i e r s  o f  an Alzheimer gene . 
The p r o b a b i l i t y  o f  c a r r y in g  th e  gene was assumed to  be 0 .5 ,  a f ig u r e  
t h a t  i s  com patib le  w ith  i n h e r i t a n c e  o f  th e  d i s e a s e  by an autosom al
dominant gene, and which i s  su p p o r ted  by some fam ily  p e d ig r e e s .  As 
no ted  in  s e c t io n  1 .1 ,  s e n i l e  dem entia  i s  p e c u l i a r  to  th e  o ld e r  s e c t i o n  
o f  th e  p o p u la t io n  and t h i s  i s  r e f l e c t e d  by an a g e - a s s o c i a te d  in c re a s e d  
p e n e tran ce  o f  th e  d i s e a s e  (S inex  & M y ers ,1982). I t  i s  c l e a r  from th e  
above c o n s id e r a t io n s  t h a t  a t  l e a s t  g e n e t i c  and o th e r  f a c t o r s  i n t e r a c t  
i n  s e n i l e  dem entia :  a s i t u a t i o n  q u i t e  d i f f e r e n t  from H u n tin g to n ’ s
c h o rea ,  a n o th e r  dem entia  d i s o r d e r .  The t a s k  o f  i d e n t i f y i n g  the
env ironm en ta l f a c t o r s  invo lved  in  th e  d i s e a s e  i s  an im p o r ta n t  p a r t  o f  
i d e n t i f y i n g  th e  v a r i a b l e s  t h a t  a f f e c t  p e n e t ra n c e  o f  th e  d i s e a s e .
S tu d ie s  have shown t h a t  c e r t a i n  b iochem ica l  and h i s to c h e m ic a l
A lzh e im e r- l ik e  changes a re  found in  th e  b r a in s  o f  mice when i n f e c t e d  
w ith  s c r a p ie  v i r u s  (Bruce e t  a l . ,1975 ;W isniewski e t  a l . ,1975; 
G a jd u s e k ,1977). Such s c r a p ie  i n f e c t e d  mice a re  used as a model f o r  
r e s e a r c h  i n t o  s e n i l e  dem en tia .  Two forms o f  p r e - s e n i l e  dem en tia ,  Kuru 
and C r e u t z f e l d t ’ s d i s e a s e  a re  known to  r e s u l t  from v i r a l  i n f e c t i o n  
s im i l a r  to  s c r a p ie  i n f e c t i o n .  A s tu d y  (W isniewski & K o z lo w sk i ,1982) on 
th e  p a th o g e n e s is  o f  th e  n e u r i t i c  and amyloid p la q u es  i n  s c r a p i e
in f e c t e d  mice have shown t h a t  th e  b lo o d -b ra in  b a r r i e r  (BBB) 
p e rm e a b i l i ty  was changed. The a u th o r s  a l s o  found t h a t  i n  seven c a s e s  
o f  s e n i l e  dem entia  (63 to  85 y e a r s )  serum p r o te in  was found in  th e  
n e u r o p i l  in c lu d in g  the  n e u r i t i c  p laq u es  and many c e l l u l a r  e lem en ts  o f  
th e  CNS. This was i n t e r p r e t e d  as i n d i r e c t  ev idence  f o r  changes i n  BBB
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p e r m e a b i l i ty ,  though th e  cause  o f  such changes i s  unknown, and th e  
a u th o r s  were le d  to su p p o r t  th e  h y p o th e s is  t h a t  s e n i l e  dem entia  i s  
caused by a s c r a p i e - l i k e  ag en t  i n  g e n e t i c a l l y  s u s c e p t i b l e  humans. Some 
b e l e iv e  t h a t  a slow a c t in g  v i r u s ,  p o s s ib ly  one o r  more a r b o v i r u s e s ,  may 
be r e s p o n s ib le  ( S u t t o n , 1980). This p o s s i b i l i t y  i s  su p p o r ted  by 
o b s e rv a t io n s  made o f  a l a r g e  number o f  ex -  F ar  E as t p r i s o n e r s  o f  war 
(Gibberd & Simmonds,1980). These p r i s o n e r s  were exposed to  a h o s t i l e  
environm ent in  th e  Far E a s t ,  and many in v a r i a b ly  s u f f e r e d  from one o r  
more i n f e c t i o u s  d i s e a s e s .  On r e t u r n  to  t h e i r  n a t i v e  c o u n t ry ,  a 
p ro p o r t io n  developed s e n i l e  dem entia  many y e a r s  l a t e r .  However, 
b e s id e s  be ing  exposed to  i n f e c t i o u s  d i s e a s e s ,  th e s e  men were a l s o  
s u b je c te d  to  extreme n u t r i t i o n a l  d e p r iv a t io n  and th e r e f o r e  an 
a s s o c i a t i o n  between n u t r i t i o n  and s e n i l e  dem entia  rem ains  a n o th e r  
p o s s i b i l i t y .  Such a p o s s i b i l i t y  i s  su p p o r ted  by an in c r e a s i n g l y  l a r g e  
volume o f  e v id e n c e ,  which now becomes th e  focus  o f  a t t e n t i o n  in  th e  
subsequen t s e c t i o n .
1 .1 .7  Trea tm ent u s in g  d i e t a r y  P re c u r s o r s
In  view o f  th e  f i n d in g s  o f  d ec re ase d  DA, HVA, 5-HT and DOD a c t i v i t y  in  
a s s o c i a t i o n  w ith  dem en tia ,  a number o f  i n v e s t i g a t i o n s  i n t o  s u b s t i t u t i o n  
th e ra p y  have been perfo rm ed . There a p p ea rs  some d is c re p a n c y  among th e  
f in d in g s  however. Treatment w ith  1-dopa d id  n o t  show any s i g n i f i c a n t  
improvement in  a number o f  independen t t r i a l s  (Van Woert e t  a l . , 1970: 
Parkes  e t  a l . , 1974: K r is te n se n  e t  a l . , 1977. However Lewis e t  a l .
( 1978 ) and A dolfsson e t  a l .  (1978) in d e p e n d e n tly  t r e a t e d  p a t i e n t s  w ith  
s e n i l e  dem entia  and found th a t  th e  p a t i e n t s  improved s i g n i f i c a n t l y  i n  
s e v e r a l  p sy c h o lo g ic a l  f u n c t io n s  a s  w e ll  as  motor f u n c t io n s  i n  th e  case  
o f  Adolfsson e t  a l .  (1978) and communication and c o n t in e n c e  a c c o rd in g
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to  Lewis e t  a l . (1978) .  G o t t f r i e s  (1980) has im p lied  t h a t  th e
d is c r e p a n t  f in d in g s  may be due to  d i f f i c u l t y  in  th e  s e l e c t i o n  o f  
p a t i e n t s  hav ing  s e n i l e  dem entia  on c l i n i c a l  g rounds.
Treatm ent w ith  c h o l in e ,  a p re c u r s o r  o f  ACh was t r i e d  w ith  th e  view o f  
c o u n te r a c t in g  the  d ec re ase d  l e v e l s  o f  ACh i n  A lzheim er’ s p r e - s e n i l e
dem entia  by in c r e a s in g  th e  amount o f  ACh a t  th e  r e c e p to r  (Y ates  e t
a l . , 1980) .  A c h o l in e  c h l o r i d e / l e c i t h i n  (p h o s p h a t id y l  c h o l in e )
t r e a tm e n t  was t r i e d .  The group b ehav iou r  d id  n o t  improve d r a m a t i c a l ly
as a s s e s s e d  by a p sy c h o lo g ic a l  b a t t e r y  te s t .H ow ever  some improvement 
was no ted  in  t h r e e  o f  th e  e leven  p a t i e n t s  t r e a t e d .  O ther s t u d i e s  o f  
c h o l in e  t r e a tm e n t  (Smith e t  a l . , 1978; S ig n o re t  e t  a l . , 1978; ) a l s o
found no d ram a tic  improvement in  th e  dem entia  g ro u p . N e v e r th e le s s , 
some c a se s  were reco rd ed  in  which improvements were no ted  a c c o rd in g  to  
p s y c h o lo g ic a l  r a t i n g ,  n u r s e ’ s r a t i n g ,  m a n a g e a b i l i ty  o r  memory. 
Attempts so f a r '  to  r a i s e  th e  l e v e l  o f  ACh i n  dem entia  by 
a d m in i s t r a t io n  o f  e i t h e r  c h o l in e  o r  l e c i t h i n  o r  u s in g  a com bina tion  o f  
th e  two seems to  be o f  b e n e f i c i a l  v a lu e  in  A lzheim er’ s p r e s e n i l e  
d i s e a s e ,  b u t  a c c o rd in g  to  an e a r l i e r  s tu d y  by Yates e t  a l .  (1 9 8 0 ) ,  t h i s  
mode o f  t r e a tm e n t  would seem to  be o f  l i t t l e  b e n e f i t  i n  s e n i l e  
d em e n tia .
1 .1 .8  Evidence f o r  involvem ent o f  n u t r i t i o n
S e n i l e  dem entia  i s  e s s e n t i a l l y  a d i s o r d e r  o f  b r a in  f u n c t io n  w ith  i t s  
a s s o c ia t e d  neu ro p a th o lo g ic a l  i n s u l t s ,  and though th e  mechanism o f  how 
such i n s u l t s  may a r i s e  i s  unknown, t h e r e  i s  s t r o n g  ev id en ce  t h a t  
f u n c t i o n a l  d e f i c i t s  o f  c e r t a i n  c e r e b r a l  n e u r o t r a n s m i t t e r s  p la y  an 
im p o r tan t  r o l e  in  th e  p a th o g e n e s is  o f  th e  d i s e a s e .  The f a c t  t h a t
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n e u r o t r a n s m i t t e r  s y n th e s i s  can be in f lu e n c e d  by d i e t a r y  a l t e r a t i o n s  has  
fo cu ssed  a t t e n t i o n  on th e  n u t r i t i o n a l  a s p e c t s  o f  th e  d i s e a s e .
Hom eostatic mechanisms o p e ra te  in  th e  b r a in  s e rv in g  to  m a in ta in  
c o n s ta n t  t i s s u e  com position  w ith  r e g a rd  to  many n u t r i e n t s ,  p a r t i c u l a r l y  
m in e ra ls  (B rad b u ry ,1 9 7 9 a ) . However, "pha rm aco log ica l"  and " p h y s io lo g ic  
s iz e d "  a l t e r a t i o n s  in  b lood l e v e l s  o f  a number o f  n u t r i e n t s  have been 
shown to  a f f e c t  c e r e b r a l  c o n c e n t r a t i o n s  o f  s u b s ta n c e s  in v o lv ed  in  
n e u r o t r a n s m i t t e r  m etabo lism . Amongst th e  most e x t e n s i v e ly  s tu d ie d  i s  
t ry p to p h a n  and v a r i a b l e s  t h a t  a f f e c t  b r a in  c o n c e n t r a t i o n s  o f  t h i s  amino 
a c id .
Tryptophan hyd roxy lase  i s  th e  r a t e  l i m i t i n g  enzyme o f  5-HT s y n th e s i s  in  
th e  b r a in  (Green & Sawyer,1 9 6 6 ) .  This enzyme i s  no rm ally  u n s a tu r a t e d  
w ith  r e s p e c t  to  t ry p to p h a n ,  th e  Km f o r  th e  enzyme b e ing  l a r g e r  th a n  th e  
normal c o n c e n t r a t io n  o f  t ry p to p h a n  found in  th e  b r a in  (F e rns trom  & 
Wurtman,1971), and i t  ap p ea rs  t h a t  th e  a v a i l a b i l i t y  o f  t r y p to p h a n  a t  
th e  b lo o d -b ra in  b a r r i e r  i s  th e  m ajor f a c t o r  r e g u l a t i n g  b r a i n  5-HT 
tu rn o v e r  ( F e rn s t ro m ,1982). For exam ple, f e e d in g  an im als  on a 
try p to p h a n  d e f i c i e n t  d i e t  g e n e r a l ly  r e s u l t s  i n  d e p le t io n  o f  b r a i n  5-HT 
l e v e l s  w h ile  d i e t a r y  su p p le m e n ta t io n ,  o r  i n j e c t i o n ,  o f  t r y p to p h a n  
causes  an in c re a s e  in  b r a in  t ry p to p h a n  and 5-HT c o n te n t
( F e rn s t ro m ,1982) .  The in c r e a s e  in  b r a in  5-HT c o n te n t  fo l lo w in g  
t ry p to p h an  i n j e c t i o n  i s  n o t  p r o p o r t i o n a l  to  th e  amount o f  t ry p to p h a n  
i n j e c t e d .  I n d i r e c t  ev idence  u s in g  MAO i n h i b i t o r s ,  s u g g e s ts  t h a t  
en d -p ro d u c t  i n h i b i t i o n  o f  t ry p to p h a n  hyd ro x y lase  o ccu rs  to  some d eg ree  
(F e r n s t r o m ,1982) .  However, such i n h i b i t i o n  a p p ea rs  to  be c o n f in e d  to  
changes in  b r a in  5-HT l e v e l s  o f  p h a rm aco lo g ica l  m agnitude , i . e . ,  when 
b r a in  5-HT l e v e l s  a re  in c re a s e d  two to  th r e e  fo ld  ( F e r n s t r o m ,1982).
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Under normal c o n d i t i o n s ,  and when th e  t ry p to p h a n  c o n te n t  i n  r a t  b r a i n  
can f l u c t u a t e  by 100 t ry p to p h a n  c o n te n t ,  and hence 5-HT c o n t e n t ,  i s  
l a r g e l y  de term ined  by v a r i a b l e s  t h a t  a f f e c t  th e  r a t i o  o f  b lood  
t ry p to p h an  to  th e  c o n c e n t r a t io n  o f  l a r g e  n e u t r a l  amino a c i d s  t h a t  
compete f o r  th e  same t r a n s p o r t  mechanism a t  th e  b lo o d -b ra in  b a r r i e r  
( P a r d r i d g e , 1977).
The r e l a t i v e  c o n c e n t r a t io n  o f  t ry p to p h a n  i s  a f f e c t e d  by p r o t e i n  and 
ca rb o h y d ra te  consumption ( F e r n s t r o m ,1982). The change e l l i c i t e d  by 
c a rb o h y d ra te  consumption i s  m edia ted  by th e  a c t i o n  o f  i n s u l i n  
s e c r e t i o n .  I n s u l in  f a c i l i t a t e s  th e  e n t r y  o f  th e  com peting amino a c i d s  
i n t o  muscle w ithou t a f f e c t i n g  blood t ry p to p h an  c o n c e n t r a t i o n  m arked ly , 
so t h a t  fo l lo w in g  ca rb o h y d ra te  i n g e s t i o n ,  th e  b lood try p to p h a n  r a t i o  
r i s e s  a s  th e  c o n c e n t r a t io n  o f  th e  com peting amino a c id s  f a l l s .  This 
has been observed  in  f a s t i n g  r a t s  fed  a c a rb o h y d ra te  meal (F e rn s tro m  & 
Wurtman,1971),  b u t  n o t  in  d i a b e t i c  r a t s  fed  a s i m i l a r  meal ( C ra n d a l l  & 
Wurtman,1980) .  In th e  former s tu d y ,  b r a in  t ry p to p h a n  and 5-HT l e v e l s  
were in c r e a s e d ,  whereas i n  th e  l a t t e r  s tu d y  (C ra n d a l l  & Wurtman,1980) 
b ra in  5-HT l e v e l s  were unchanged, a s  were th e  b lood c o n c e n t r a t i o n s  o f  
th e  competing amino a c i d s .  P ro te in  i n j e s t i o n  in  a mixed meal a l t e r s  
th e  blood try p to p h an  c o n c e n t r a t io n  by o f f s e t t i n g  th e
c a rb o h y d ra te - in d u c ed  changes . As more p r o t e i n  i s  i n j e s t e d ,  th e  
c o n c e n t r a t io n  o f  th e  competing amino a c id s  i n c r e a s e s  to  a g r e a t e r  
degree  than  t h a t  o f  t ry p to p h a n ,  u n t i l  t h e r e  i s  no s i g n i f i c a n t  i n c r e a s e  
in  serum or b r a in  try p to p h a n  l e v e l s  no r  b r a in  5-HT l e v e l s  
(F e rn s t ro m ,1982).
Tryptophan i s  th e  o n ly  amino a c id  in  b lood  t h a t  e x i s t s  b o th  i n  th e  f r e e  
form and bound to album in (Me Menamy & O n c le y ,1958), and a number o f
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s t u d i e s  have shown t h a t  by a f f e c t i n g  th e  t ry p to p h a n  albumin b in d in g ,  
th e  c o n c e n t r a t io n  o f  b r a in  t ry p to p h a n  and b r a in  5-HT can be a l t e r e d .  
G e n e ra l ly ,  by d i s p la c in g  albumin from try p to p h a n ,  p lasm a f r e e  
t ry p to p h a n  c o n c e n t r a t io n  can be in c r e a s e d .  However, n o t  a l l  s t u d i e s  
have dem onstra ted  a concominant in c r e a s e  i n  b r a in  t ry p to p h a n  
c o n c e n t r a t i o n .  T h e re fo re ,  i t  i s  u n c le a r  w hether th e  f r e e  form 
d e te rm in es  b r a in  t ry p to p h an  l e v e l s .
Tagliam onte e t  a l .  (1973) r e p o r te d  t h a t  s a l i c y l a t e ,  which i s  known to  
d i s p la c e  t ry p to p h a n  from albumin b in d in g  (Smith & L ak o s ,1 9 7 1 ) ,  when 
i n j e c t e d  in  a d u l t  r a t s ,  in c re a s e d  th e  serum c o n c e n t r a t io n  o f  t o t a l  and 
f r e e  t ry p to p h a n  and in c re a s e d  b r a in  l e v e l s  o f  t ry p to p h a n ,  5-HT and 
5-HIAA, p r o p o r t i o n a t e l y .  T he ' a u th o r s  (Tagliam onte e t  a l . , 1973) 
suppo rted  the  h y p o th e s is  t h a t  serum f r e e  t ry p to p h a n  c o n t r o l s  b r a in  
t ry p to p h a n  l e v e l s  and so s t im u la t e s  b r a in  5-HT tu r n o v e r .  A number o f  
o th e r  s t u d i e s  len d  su p p o r t  to  t h i s .  F a s t in g  i n c r e a s e s  serum f r e e  
t ry p to p h a n  and 5-HT and 5-HIAA c o n c e n t r a t i o n s  i n  c e r t a i n  b r a in  a r e a s  
(Fuenmayor & G a r c i a , 1984). In c o n t r a s t ,  Madras e t  a l .  (1974) found 
th a t  th e  l e v e l s  o f  serum f r e e  t ry p to p h a n  could  be d ec re ase d  in  humans 
o r  r a t s  by d e c re a s in g  th e  l e v e l s  o f  serum n o n - e s t e r i f i e d  f a t t y  a c i d s  
(NEFA), which a r e  t i g h t l y  bound to  album in , bu t b r a in  t ry p to p h a n  
c o n c e n t r a t i o n s ,  i n  r a t s ,  changed in  an o p p o s i te  d i r e c t i o n .  This 
a p p a re n t  c o n f l i c t  in  r e s u l t s ,  and th e  f a c t  t h a t  th e  bound as w e l l  as  
th e  f r e e  f r a c t i o n  o f  try p to p h a n  in  b lood c r o s s e s  th e  b lo o d - b r a in  
b a r r i e r  ( P a r d r i d g e , 1979), s e rv e s  to  dem onstra te  th e  i n a b i l i t y  o f  serum 
f r e e  t ry p to p h an  l e v e l s  a lo n e  to  de te rm ine  b r a in  t ry p to p h a n  
c o n c e n t r a t i o n s .
Other amino a c id s  b e s id e s  t ry p to p h a n  s e rv e  a s  p r e c u r s o r s  f o r
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neu ro t r a n s m i t t e r  s y n t h e s i s .  Thus, t y r o s in e  and food i n j e s t i o n  
in f lu e n c e s  ca techo lam ine  s y n th e s i s  i n  a s i m i l a r  manner to  th e  way in  
which try p to p h a n  a d m in i s t r a t io n  in f lu e n c e s  5-HT s y n th e s i s
(A n d e rso n ,1981) .  However, th e  im portance  o f  th e  r e l a t i v e  c o n c e n t r a t i o n  
o f  t y r o s i n e  to  th e  o th e r  l a r g e  n e u t r a l  amino a c id s  i n  d e te rm in in g  b r a in  
t y r o s in e  l e v e l s  i s  u n c l e a r ,  a s  th e  i n j e s t i o n  o f  bo th  c a rb o h y d ra te  and 
p r o t e i n  in c r e a s e s  b r a in  t y r o s in e  c o n c e n t r a t i o n s  (A n d e rso n ,1981). 
In fo rm a tio n  on th e  o th e r  amino a c i d s ,  such as  h i s t i d i n e  and th r e o n i n e ,  
which a r e  p r e c u r s o r s  o f  th e  p u t a t i v e  n e u r o t r a n s m i t t e r s  h is ta m in e  and 
g ly c in e  r e s p e c t i v e l y ,  i s  s c a n ty ,  and th e s e  amino a c id s  appea r  to  be o f  
r e l a t i v e l y  l i t t l e  im portance to  th e  a e t io lo g y  o f  s e n i l e  dem en tia .
The im portance  o f  normal ca rb o h y d ra te  o x id a t io n  f o r  th e  p ro d u c t io n  o f  
ace ty l-C oA  r e q u i r e d  fo r  ACh s y n t h e s i s ,  has  a l r e a d y  been d is c u s s e d  (se e  
s e c t i o n  1 .5 ) .  Choline i s  n o t  a d i e t a r y  e s s e n t i a l  f o r  man a s  i t  i s  
s y n th e s i s e d  in  th e  l i v e r .  But ChAT i n  b r a in  i s  n o t  s a t u r a t e d  w ith  
c h o l in e  under normal c o n d i t io n s ,  and d i e t a r y  f l u c t u a t i o n s  o f  c h o l in e  
can a l t e r  b r a in  c h o l in e  l e v e l s  and ACh s y n th e s i s  (Cohen & 
Wurtman,1976).
Thus, d i e t a r y  a l t e r a t i o n s  t h a t  can in f lu e n c e  blood p r e c u r s o r  
c o n c e n t r a t io n s  can a f f e c t  th e  s y n th e s i s  and o v e r a l l  m etabo lism  o f  a 
number o f  n e u r o t r a n s m i t t e r s , some o f  which a r e  im p l ic a te d  in  th e  
a e t io lo g y  o f  s e n i l e  dem en tia .  However, d i e t a r y  s t a t u s  and b lood  
c o n c e n t r a t i o n s  o f  n e u r o t r a n s m i t t e r  p r e c u r s o r s  has r e c e iv e d  l i t t l e  
a t t e n t i o n  in  s e n i l e  dem en tia ,  though t r e a tm e n t  w ith  th e s e  p r e c u r s o r s  
has been t r i e d  in  p a t i e n t s  w ith  s e n i l e  dem entia  in  an a t te m p t  to  
s t im u la te  n e u r o t r a n s m i t t e r  s y n th e s i s  (See s e c t i o n  1 .1 .7 ) .
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Shaw e t  a l .  (1981) found low l e v e l s  o f  t o t a l  plasma t ry p to p h a n ,  and a 
low plasma t ry p to p h an  r a t i o ,  i n  a group o f  s e n i l e  dem ents . The 
im p l ic a t io n s  o f  t h i s  f in d in g  a re  c l e a r  from th e  above c o n s i d e r a t i o n s .  
However, f a c t o r s  t h a t  a r e  known to  a f f e c t  th e  b lood c o n c e n t r a t i o n  o f  
try p to p h a n  were n o t  examined. The p o s s i b i l i t y  o f  m a la b s o rp t io n  o f  
t ry p to p h a n  be ing  the  c a u s a t iv e  f a c t o r  in  some p a t i e n t s  w ith  th e  d i s e a s e  
was su g g es ted  by th e  work o f  Lehmann e t  a l .  (1981) .  Lehmann e t  a l .  
( 1981 ) found t h a t  t ry p to p h a n  was l e s s  w e ll  absorbed  by p a t i e n t s  w ith  
s e n i l e  dem entia  than  by age-m atched c o n t r o l s .  Moreover, an i n c r e a s e  in  
t ry p to p h a n  a b s o rp t io n  fo l lo w in g  t ry p to p h an  t r e a tm e n t  was n e c e s s a ry  f o r  
improvement in  th e  m en ta l s t a t e .
N e u ro tra n sm i t te r  s y n th e t i c  pathways in  th e  b r a in  r e q u i r e  th e  p re s e n c e  
o f  a number o f  v i t a m in s ,  p a r t i c u l a r l y  th e  w ater  s o lu b le  v i t a m in s ,  which 
se rv e  a s  coenzymes o r  c o - s u b s t r a t e s  ( se e  F ig s  1.1 & 1 .2 ) .  T h e re fo re ,  
in  th e  absence o f  th e  r e q u i r e d  amount o f  th e s e  v i ta m in s  a t  t h e i r  
m e ta b o l ic  s i t e s ,  n e u r o t r a n s m i t t e r  s y n th e s i s  may be im p a ire d .  Animal 
s tu d i e s  have shown t h a t  d i e t a r y  d e f i c i e n c y  o f ,  f o r  exam ple , th ia m in  o r  
f o l i c  a c id  can im pa ir  n e u r o t r a n s m i t t e r  s y n th e s i s  (B la ss  & G ib s o n ,198O; 
P l a i t a k i s  e t  a l . , 1978). With th e  p o s s i b le  e x c e p t io n  o f  a s c o r b ic  a c id  
(Behrens & M adere ,1980), n e u r o t r a n s m i t t e r  s y n th e s i s  can a l s o  be 
s t im u la te d  th rough  enzyme in d u c t io n  by h ig h  d i e t a r y  in t a k e s  o f  t h e s e  
v i t a m in s .  Hence v i ta m in  s t a t u s  can a f f e c t  n e u r o t r a n s m i t t e r  s y n t h e s i s ,  
and t h i s  i s  o f  obvious im portance w ith  r e g a rd  to  s e n i l e  d em en tia .  We 
know t h a t  v i ta m in  d e f i c i e n c y  d i s e a s e s ,  eg b e r i - b e r i  and p e l l a g r a ,  have 
n e u r o lo g ic a l  m a n i f e s t a t i o n s ,  and th e re  i s  ev idence  to  s u g g e s t  t h a t  
th iam in  d e f i c i e n c y  i s  a s s o c ia t e d  w ith  c o n fu s io n a l  s t a t e s  i n  c h ro n ic  
a lco h o lism  (M ahendra ,1984d ) , and in  e l d e r l y  h o s p i t a l i s e d  p a t i e n t s  
( K a ta k i ty  e t  a l . ,1983 ),  b u t  o f  more r e le v a n c e  to  t h i s  t h e s i s  i s  w he ther
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v ita m in  d e f i c i e n c i e s  a r e  a s s o c ia t e d  w ith  s e n i l e  dem en tia .  F o l i c  a c id  
has r e c e iv e d  most a t t e n t i o n  in  t h i s  c o n t e x t .
A su rv ey  c a r r i e d  out in  a p s y c h i a t r i c  h o s p i t a l  (Carney, 1967a) showed 
t h a t  p a t i e n t s  w ith  dem entia  had lower l e v e l s  o f  serum f o l a t e  compared 
w ith  c o n t r o l s  o f  s im i l a r  ag e .  This lower f o l a t e  l e v e l  in  dem entia  was 
a l s o  no ted  by o th e r  w orkers  (Read e t  a l . . ,  1965; Henderson e t  a l . , 
1966 ; R eynolds, 1966; 1967 ; H urdle  e t  a l . , 1966; Shulman, 1967).
Reynolds (1967) su g g es ted  a c a u s a l  r e l a t i o n s h i p  between f o l a t e
d e f i c i e n c y  and a f f e c t i v e  psychoses  and d em en tia ,  w h ile  a s t a t i s t i c a l l y  
s i g n i f i c a n t  c o r r e l a t i o n  between o rg a n ic  b r a in  d i s e a s e  and low serum 
f o l a t e  l e v e l s  has been no ted  (B a ta ta  e t  a l . , 1967). Shaw e t  a l .  (1971) 
sugges ted  t h a t  th e se  low f o l a t e  l e v e l s  and th e  low l e v e l s  o f  5-HIAA and 
HVA a l r e a d y  found in  dem entia  ( G o t t f r i e s  e t  a l . , 1969) could  have been 
r e l a t e d .  The r a t e - l i m i t i n g  s t e p  in  th e  s y n th e s i s  o f  am ines i s
h y d ro x y la t io n  o f  th e  a p p r o p r ia te  amino a c i d ,  and , s in c e  f o l a t e  i s  
invo lved  in  t h i s  p r o c e s s , a d e f i c i e n c y  o f  f o l a t e  cou ld  cause  a p a r t i a l
b lo c k  in  th e  m e tab o lic  pathway a t  t h i s  p o i n t .  Shaw e t  a l .  (1971)
measured f o l a t e  (R .B .C .,  serum and CSF) and B12 ( in  serum and CSF) and 
5-HIAA and HVA i n  CSF i n  a group o f  p a t i e n t s  w ith  s e n i l e  d em en tia .  
These w orkers  found t h a t  amine m etabolism  and f o l a t e  were u n r e l a t e d  and 
no c l i n i c a l  improvement w ith  f o l a t e  th e ra p y  was n o te d ,  b u t  i t  was 
su g g es ted  t h a t  th e  p e r io d  o f  s tu d y ,  i . e . 24 weeks may have been to o
s h o r t  in  view o f  th e  f in d in g s  t h a t  CSF f o l a t e  ro s e  s lo w ly  over  t h i s
p e r io d .  Though d i e t a r y  f o l a t e  d e f i c i e n c y  i s  a r a r e  cause  o f
m e g a lo b la s t ic  anaemia in  th e  e l d e r l y  (Girdwood, 1968) th e  f a c t  t h a t  two 
c a s e s  o f  dem entia  due to  f o l a t e  d e f i c i e n c y  have been r e p o r te d  
(Henderson e t  a l . , 1967) i n d i c a t e s  th e  im portance  o f  ad eq u a te  f o l a t e  
i n t a k e s  i n  p re v e n t in g  such d i s e a s e .
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Evidence re g a rd in g  n u t r i t i o n a l  s t a t u s  w ith  r e s p e c t  to  o th e r  v i ta m in s  i n  
p a t i e n t s  w ith  s e n i l e  dem entia  i s  s c a n ty ,  and in  some c a se s  c o n f l i c t i n g .  
Kershaw (1967) found t h a t  in  a group o f  p a t i e n t s  w ith  s e n i l e  dem en tia ,  
whole b lood th iam in  l e v e l s  were w i th in  a c o n t r o l  r a n g e ,  and mean 
n i c o t i n i c  a c id  l e v e l s  were com parable t o  a c o n t r o l  v a lu e .  However, th e  
c o n t r o l  group used c o n s i s t e d  o f  much younger s u b j e c t s ,  and whole b lood 
th iam in  may n o t  be a r e l i a b l e  index  o f  th iam in  s t a t u s
( S a u b e r l i c h , 1967) .  Thus, th e  v a l i d i t y  o f  th e s e  i s  q u e s t io n a b le .  On 
th e  o th e r  hand, Carney e t  a l .  (1979) r e p o r te d  t h a t  th ia m in  and 
p y r id o x in e  d e f i c i e n c i e s ,  a s  a s s e s s e d  by th e  more r e l i a b l e  enzyme 
a c t i v a t i o n  m ethods, were common in  154 newly ad m it te d  p s y c h i a t r i c  
p a t i e n t s ,  some o f  whom had s e n i l e  dem en tia .  However, i t  was n o t  c l e a r  
from th e  r e p o r t  (C a rn e y ,1979) w hether th o se  p a t i e n t s  w ith  s e n i l e  
dem entia  had such d e f i c i e n c i e s .
Shulman (1967a) ,  i n  a su rvey  o f  an e l d e r l y  p s y c h i a t r i c  p o p u la t io n ,  
found t h a t  ap p ro x im a te ly  9 % o f  a l l  th e  p a t i e n t s  had low v i ta m in  B12
l e v e l s .  Shulman (1967b) a l s o  r e p o r te d  t h a t  on ly  one ou t o f  f i v e
p a t i e n t s  s tu d ie d  w ith  s e n i l e  dem en tia ,  who had i n i t i a l l y  low serum
v ita m in  B12 l e v e l s ,  showed improvement i n  ward o r i e n t a t i o n  a f t e r  
v i ta m in  B12 th e ra p y .  N e v e r th e le s s ,  Shulman (1967b) c o n s id e re d  th e  
ev idence  f o r  a c a u s a t iv e  r o l e  o f  v i ta m in  B12 d e f ic ie n c y  in  dem en tia  to  
be more c o n c lu s iv e  than  w ith  th e  f u n c t i o n a l  p sy ch o s is  "where o n ly  a 
tenuous r e l a t i o n s h i p  has  been e s t a b l i s h e d  w ith  p e rn ic io u s  a n a e m ia " .
The ev idence  was based  on f in d in g s  o f  a  b r a in  l e s i o n  in  p e r n ic io u s
anaemia t h a t  c o n s i s t e d  o f  w hite  m a t te r  d e g e n e ra t io n ,  and o f  r e v e r s i b l e  
e le c t ro e n c e p h a lo g ra p h ic  a b n o r m a l i t i e s .  S ince  s e n i l e  dem en tia  i s  
a s s o c ia t e d  more w ith  g rey  m a t te r  d e g e n e ra t io n  i t  would appear  t h a t  th e  
co n c lu s io n s  o f  Shulman (1967b) was o n ly  a r b i t r a r y .
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In  r e c e n t  tim es  th e r e  has been a r e v iv a l  o f  i n t e r e s t  i n  th e  r o l e  o f  
t r a c e  e lem en ts  in  n u t r i t i o n ,  and i t  i s  becoming i n c r e a s i n g l y  e v id e n t  
t h a t  t r a c e  elem ent d e f i c i e n c i e s  may be p r e v a le n t  i n  th e  g e n e ra l  
p o p u la t io n  (Golden & G o ld e n ,1981). There i s  ev idence  to  su g g e s t  t h a t
two o f  th e s e  t r a c e  e le m e n ts ,  z in c  and co p p e r ,  may be im p o r ta n t  in  
s e n i l e  dem en tia .  A lso , r e c e n t  ev idence  su g g e s ts  t h a t  z in c  d e f i c i e n c y  
a f f e c t s  b r a in  ca techo lam ine  l e v e l s .  One e x p la n a t io n  f o r  th e  g ro s s  l o s s  
o f  neurons  t h a t  o ccu rs  i n  s e n i l e  dem entia  i s  what Orgel d e s c r ib e d  as  
th e  e r r o r  c a t a s t r o p h e : -  in fo rm a t io n  h an d l in g  enzymes in v o lv e d  in  DNA 
r e p l i c a t i o n ,  t r a n s c r i p t i o n  and r e p a i r  develop  c e r t a i n  e r r o r s  which 
e v e n tu a l ly  l e a d s  to  m e tab o l ic  chaos and c e l l  dea th .M ost o f  th e s e  
enzymes r e q u i r e  z in c  as  a co-enzyme so i t  i s  n o t  s u r p r i s i n g  t h a t
B u rn e t t  (1981) has im p l ic a te d  z in c  in  th e  p a tho logy  o f  d em en tia .  More 
s p e c i f i c a l l y  B u rn e t t  su g g es ted  a b lo c k  o f  some s o r t  i n  th e  e n t r y  o f  
z in c  in  th e  neurons and i t s  i n c o rp o r a t io n  in t o  newly s y n th e s i s e d  
enzymes, though l i t t l e  i s  known about such p ro c e s s e s .
A number o f  s t u d i e s  have been done on th e  z in c  s t a t u s  o f  th e  e l d e r l y  
p o p u la t io n  (H su ,1979;L indem ann,1982). There a r e  c o n f l i c t i n g  r e p o r t s  
over th e  e f f e c t  o f  age on plasma z in c  c o n c e n t r a t i o n .  Hering e t  a l . 
( I960) found no s i g n i f i c a n t  d i f f e r e n c e  in  plasma z in c  w ith  advanc ing  
age ,  though th e  age ran g e  s tu d ie d  (10-50 y r s . )  d id  n o t  in c lu d e  th e  
o ld e r  s e c t io n  o f  th e  p o p u la t io n .  Lindemann e t  a l .  (1971) however,
u s in g  a w ider age group (20-84 y r s . )  found a s i g n i f i c a n t  d e c re a s e  i n
plasma z in c  w ith  in c r e a s in g  ag e .  However, th e  f in d in g  t h a t  z in c
m etabolism  i s  abnormal in  P i c k ' s  d i s e a s e  i s  th e  o n ly  r e f e r e n c e  to  z in c  
in  r e l a t i o n  to  dem entia  (M ahendra ,1984e).
There i s  no ev idence  t h a t  i r o n  d e f i c i e n c y  i s  im p l ic a te d  in  th e
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a e t io lo g y  o f  s e n i l e  dem en tia .  N e v e r th e le s s ,  i t  may be im p o r ta n t  to  
n o te  t h a t  even m arg in a l  i r o n  d e f i c i e n c y  can le a d  to  abnormal b r a in  
fu n c t io n  (L e ib e l  e t  a l . , 1979).
Copper p lay s  a r o l e  in  th e  r e g u l a t i o n  o f  b io g e n ic  am ines , a s  a 
c o - f a c t o r  o f  th e  enzymes DH and t y r o s i n a s e ,  and copper d e f i c i e n c y  
r e s u l t s  i n  d ec reased  b r a in  TH a c t i v i t y  and reduced  ca tech o lam in e  
c o n c e n t r a t i o n s  (Morgan & O’D e l l ,1 9 7 7 ) ,  and so may p la y  a r o l e  i n  th e  
lower l e v e l s  o f  b r a in  monoamines found in  s e n i l e  dem en tia .
There i s  l i t t l e  ev idence  to  su g g e s t  t h a t  m in e ra ls  p la y  a r o l e  i n  th e  
p a th o g e n e s is  o f  s e n i l e  d em en tia .  N e v e r th e le s s ,  i t  i s  im p o r ta n t  o t  n o te  
t h a t  h y p erca lcaem ia  can cause  memory d e f i c i t s  and p e r s o n a l i t y  changes 
(L indem ann,1982) ,  two symptoms in v a r i a b l y  found in  p a t i e n t s  w ith  s e n i l e  
dem en tia ,  and acu te  magnesium d e f ic i e n c y  can r e s u l t  i n  m en ta l  changes 
such a s  i r r i t a b i l i t y  and a g g re s s iv e n e s s .
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1 .2  DEPRESSION
1 .2 .1  Overview o f  i n v e s t i g a t i o n s  i n t o  th e  D epress ive  D iso rd e rs
L i t t l e  i s  known about th e  a e t i o lo g y  o f  d e p re s s io n .  I n v e s t i g a t o r s  have 
a t tem p ted  to  c l a s s i f y  th e  d e p re s s iv e  d i s o r d e r s  i n t o  d i s c r e t e  c a t e g o r i e s  
based on such as  symptomatology and h i s t o r y  o f  th e  p a t i e n t ,  and today  a 
number o f  c l a s s i f i c a t i o n s  e x i s t ,  o f  which th e  most common i s  th e  
u n ip o l a r - b ip o la r  dichotom y, whereby p a t i e n t s  w ith  a h i s t o r y  o f  s o l e l y  
d e p re s s iv e  ep iso d e s  a r e  p la ced  in  th e  f i r s t  c a te g o ry  and th o se  
e x p e r ie n c in g  bo th  manic and d e p re s s s iv e  e p iso d e s  a r e  r e f e r r e d  to  a s  
b ip o l a r  d e p r e s s iv e s .
Between I960 and 1966, a tw o -fo ld  in c r e a s e  in  adm ission  r a t e s  f o r  
d e p re s s iv e  p sy ch o s is  ( r e f e r r e d  to  a s  manic d e p re s s iv e  p sy c h o s is  b e fo r e  
1966) o cc u r re d ,  and in  a l i f e  span o f  75 y e a r s  th e  t o t a l  ex p ec tan cy  f o r  
adm ission  fo r  a d e p re s s iv e  p s y c h o s is  i s  3.5% fo r  m ales and 5 .8  % f o r
fem ales  ( S l a t e r  & Cowie, 1971). Such f i g u r e s  t h a t  a r e  l i k e l y  to  be 
even g r e a t e r  today ,  make th e  d e p re s s iv e  d i s o r d e r s  th e  most common o f  
a l l  th e  p s y c h i a t r i c  i l l n e s s e s .
I t  was n o t  u n t i l  the  mid 1960 's  t h a t  b iochem ica l a s p e c t s  were 
c o n s id e re d  as having  a f i rm  p la c e  in  th e  a e t io lo g y  o f  d e p r e s s io n .  The 
s t r u c t u r a l  s i m i l a r i t y  o f  th e  p s y c h o t ic  ag en t  l y s e r g i c  a c id  d ie th y la m id e  
(LSD) to  5-HT le d  Wooley & Shaw (1954) to  propose a c a u s a l  r e l a t i o n s h i p  
between b r a in  5-HT system s and th e  n a t u r a l  o ccu rren c e  o f  th e  p s y c h o t i c  
d i s o r d e r s .  In  1962, Wooley & Campbell reviewed t h i s  h y p o th e s i s  by 
s u g g e s t in g  t h a t  an enzym atic  f a i l u r e  i n  th e  normal m e tabo lism  o f  5-HT 
was r e s p o n s ib l e ,  and compared t h i s  to  d i a b e te s  m e l l i t u s  and i n s u l i n .
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By t h i s  t im e ,  th e  r e c o g n i t io n  t h a t  r e s e r p i n e ,  used in  th e  t r e a tm e n t  o f  
h y p e r te n s io n ,  and known to  d e p l e te  b r a in  ca techo lam ine  l e v e l s ,  cou ld  
cause  d e p re s s io n  (C a r ls s o n ,  1957), and t h a t  th e  t r i c y c l i c  compounds, 
which b lo c k  s y n a p t i c  re u p ta k e  o f  5-HT, and th e  MAOI’s were e f f e c t i v e  
a n t i d e p r e s s a n t s , cu lm ina ted  in  th e  Catecholamine and Indo leam ine 
T heo ries  o f  d e p re s s io n  ( S c h i l d k r a u t , 1965; Coppen, 1967). The former 
appeared  to  have been f i r s t  employed by R o se n b la t t  e t  a l .  ( I9 6 0 )  in  th e  
U nited  S ta t e s  and by Pare & S and le r  (1959) in  th e  U nited  Kingdom. 
A ccording to  th e  above t h e o r i e s ,  d e p re s s io n  i s  caused  by a d e f i c i t  o f  
th e  ca tech o lam in es  and indo leam ines  i n  th e  b r a i n .  S ince  t h a t  t im e ,  a 
l a r g e  l i b r a r y  o f  ev idence  has  b u i l t  up examining th e  v a l i d i t y  o f  th e s e  
t h e o r i e s .
P harm acolog ica l s tu d i e s  appea r  to  be more com pa tib le  w ith  th e  
ca techo lam ine  h y p o th e s is  a s  i t  a p p l i e s  to  mania th a n  to  d e p r e s s io n  
(Bunney & G ulley , 1978). Changes have been observed in  th e  CSF, b r a in  
and body f l u i d s  o f  th e  monoamine n e u r o t r a n s m i t t e r s ,  t h e i r  p r e c u r s o r s  
and m e ta b o l i t e s  and o f  hormones and e l e c t r o l y t e s  t h a t  b o th  le n d  su p p o r t  
to  and a re  i n c o n s i s t e n t  w ith  th e  a fo rem en tioned  t h e o r i e s .  
N e v e r th e le s s , th e  ca techo lam ine  and indo leam ine t h e o r i e s  o f  d e p re s s io n  
c o n t in u e s  to  s t im u la te  i n v e s t i g a t i v e  i n t e r e s t  i n  th e  a e t i o l o g y  o f  th e  
d e p re s s iv e  d i s o r d e r s .
I t  has been shown (se e  s e c t i o n  1 .1 .5 )  t h a t  changes i n  c e r e b r a l  
c a rb o h y d ra te  m etabolism  can a f f e c t  n e u r o t r a n s m i t t e r  s y n th e s i s  and b r a in  
f u n c t io n ,  and r e c e n t  ev idence  s u g g e s ts  t h a t  c e r e b r a l  c a rb o h y d ra te  
m etabolism  may be reduced in  u n ip o la r  d e p re s s io n  (B ax te r  e t  a l . ,1 9 8 5 ) .
The f in d in g s  o f  low f o l i c  a c id  and v i ta m in  B12 s t a t u s  among p s y c h i a t r i c
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p a t i e n t s  by Carney (1967a) and Shulman (1967ai), among o t h e r s ,  fo cu ssed  
a t t e n t i o n  on th e  p o s s i b i l i t y  o f  c a u s a t iv e  n u t r i t i o n a l  f a c t o r s  in  
d e p re s s io n ,  and th e  i n t e r r e l a t i o n s h i p  o f  d i e t ,  n e u r o t r a n s m i t t e r  
m etabolism  and b r a in  fu n c t io n  has rem ained a to p i c  f o r  c o n t in u in g  
s c i e n t i f i c  i n v e s t i g a t i o n .  While l i t t l e  d i r e c t  a s s o c i a t i o n  has  been 
shown between n e u r o t r a n s m i t t e r  m etabolism  and b r a in  f u n c t io n ,  a number 
o f  s t u d i e s  have r e v e a le d  c lo s e  a s s o c i a t i o n s  between n u t r i t i o n a l  
f a c t o r s ,  such as  t ry p to p h a n ,  and n e u r o t r a n s m i t t e r  m e tabo lism .
More r e c e n t l y  a few s t u d i e s  have been performed i n v e s t i g a t i n g  th e  
r e l a t i o n s h i p  between S -adenosy lm eth ion ine  (SAM), which i s  r e q u i r e d  f o r  
a d iv e r s e  number o f  b i o l o g i c a l  r e a c t i o n s ,  and d e p re s s io n  (Carney e t  
a l . ,1984 ;Wong & C i a r a n e l l o , 1984). Data from th e s e  s t u d i e s  s u g g e s t  a 
c lo se  a s s o c i a t i o n  between SAM m etabolism  and th e  d e p re s s iv e  d i s o r d e r s .  
Treatm ent m o d a l i t i e s ,  based on d i e t a r y  c o n s t i t u e n t s  have been a t te m p te d  
w ith  some s u c c e s s , and c o n t in u e s  to  g e n e ra te  i n t e r e s t  i n  th e  
a s s o c i a t i o n  between d i e t  and d e p re s s iv e  d i s o r d e r s .
1 .2 .2  C l a s s i f i c a t i o n  o f  D epression
D epression  i s  a te rm  used to  d e s c r ib e  a v a r i e t y  o f  c o n d i t i o n s .  When 
a p p l ie d  to  d e s c r ib e  normal s a d n e s s ,  a s  a change o f  mood, i t  means 
something q u i t e  d i f f e r e n t  from when a p p l ie d  to  a syndrome where th e  
co re  symptom i s  sadness  and which i s  accompanied by o th e r  symptoms, 
in c lu d in g  psychomotor r e t a r d a t i o n ,  a n x i e ty ,  g u i l t  f e e l i n g s ,  w e a r in e s s  
o f  l i f e ,  and d e p e r s o n a l i s a t i o n .  Such a syndrome i s  r e f e r r e d  to  a s  a 
d e p re s s iv e  d i s o r d e r  (C ronholm ,1984).
Because o f  th e  v a r i a b i l i t y  in  symptomatology and c o u rs e ,  a t te m p ts  have
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been made to  s u b - c l a s s i f y  th e  d e p re s s iv e  d i s o r d e r s  i n t o  d i s c r e t e  
c a t e g o r i e s .  Such c l a s s i f i c a t i o n  i s  o f  u tm ost im portance  in  c l i n i c a l  
r e s e a r c h  s t u d i e s  o f  d e p re s s iv e  d i s o r d e r s ,  s in c e  r e p r o d u c i b i l i t y  i s  a 
p r e - r e q u i s i t e  in  s c i e n t i f i c  i n v e s t i g a t i o n s ,  and u n le s s  th e  p a t i e n t s  a r e  
e x a c t ly  d e f in e d  by p r e c i s e  d i a g n o s t i c  c r i t e r i a ,  th e  r e s u l t s ,  
b iochem ica l  o r  o th e rw ise  would , a t  th e  o u t s e t ,  be o f  a c o n t ro v e rs ia l  
com para tive  n a t u r e .  A number o f  s u b d iv is io n s  o f  th e  d e p r e s s iv e  
d i s o r d e r s  have been proposed . These in c lu d e  th e  e n d o g e n o u s - re a c t iv e  
dichotomy, th e  p r im ary -se co n d a ry ,  p s y c h o t i c - n e u r o t i c ,
a g i t a t e d - r e t a r d e d ,  v i t a l - p e r s o n a l  and th e  u n ip o l a r - b ip o la r  d ichotom y. 
The l a t t e r ,  d e s c r ib e d  by Leonhard (1968) ,  i s  su p p o r ted  by g e n e t i c  and 
c l i n i c a l  ev id en ce ,  and has come i n t o  w idespread  use (Cronholm, 1984). 
The e x o g e n o u s - re a c t iv e  dichotomy a p p e a rs  a l s o  to  be w id e ly  u se d ,  though  
to  a l e s s e r  e x t e n t  th an  th e  u n i p o l a r - b i p o l a r  c l a s s i f i c a t i o n .  The 
exogenous form a r i s e s  a s  a re sp o n se  to  s i t u a t i o n a l  o r  "p sychogen ic"  
f a c t o r s  and i s  u s u a l l y  l e s s  s e v e re  th a n  th e  endogenous form , which 
r e a c t  b e t t e r  to  e l e c t r o c o n v u l s iv e  th e ra p y  (EOT) o r  a n t id e p r e s s a n t  d rugs  
(C ronholm ,1984). The o th e r  d icho tom ies  a r e  used seldom o u t s id e  th e  
a u t h o r s ’ l a b o r a t o r i e s  and have been d e s c r ib e d  r e c e n t l y  by Cronholm 
(1984).
1 .2 .3  Monoamines in  D epression
Lower l e v e l s  o f  CSF-5HIAA were found in  a group o f  d e p re s se d  p a t i e n t s  
compared to  s u i t a b l e  c o n t r o l s  (Z is  & Goodwin,1982), p o in t i n g  to
d ec re ase d  tu rn o v e r  o f  b r a in  5-HT i n  d e p r e s s io n .  However, a t  l e a s t
e ig h t  s t u d i e s  cou ld  n o t  dem onstra te  any s i g n i f i c a n t  d i f f e r e n c e  between 
d ep re ssed  and c o n t r o l  s u b je c t s  (Goodwin e t  a l . ,1 9 7 8 ) .  Using more
s e n s i t i v e  te c h n iq u e s ,  e a r l i e r  f i n d in g s  o f  low er l e v e l s  o f  CSF 5-HIAA in
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d e p re s s io n  have been confirm ed ( A sb e rg ,1980). A bimodal d i s t r i b u t i o n  
in  th e  CSF 5-HIAA c o n c e n t r a t i o n  in  d e p r e s s i v e s , w ith  30 % o f  th e
p a t i e n t s  s tu d ie d  occupying the  low er mode (Asberg e t  a l . , 1 9 7 3 ;1 976a) , 
has been su g g es ted  as ev idence  o f  b io ch em ica l  sub -g roups  w i th in  th e  
endogenous d e p re s s iv e  syndrome. A bimodal d i s t r i b u t i o n  has  a l s o  been 
r e p o r te d  in  p o s t  p robenec id  5-HIAA l e v e l s  (Goodwin e t  a l . ,1 9 7 7 ) .  The 
i n t e r p r e t a t i o n  o f  th e se  f i n d in g s  has been d is c u s s e d  on th e  b a s i s  t h a t  a 
g r e a t e r  p ro p o r t io n  o f  males to  fem ales  occup ied  th e  low er mode, and i t  
has  been su g g es ted  t h a t  CSF 5-HIAA i s  lower i n  males th a n  i n  fem a les  
(Goodwin & S a c k ,1974). Though p o s t  p robenec id  r e s u l t s  r e f l e c t s  th e  
tu rn o v e r  o f  monoamines i n  th e  b r a in  more a c c u r a t e l y  th a n  b a s e l i n e  
v a lu e s ,  th e  p robenec id  te ch n iq u e  does have i t s  l i m i t a t i o n s ,  e g . ,  a 
low ering  o f  CSF amine m e ta b o l i t e s  by p robenec id  i t s e l f .
In a s tu d y  o f  d e p re s se d  p a t i e n t s ,  an a p p a re n t  a s s o c i a t i o n  between low 
CSF 5-HIAA and a t tem p ted  s u i c i d e s  was dem onstra ted  by Asberg e t  a l .  
( 1976b ) .  L a te r ,  i n  I 98I ,  Traskman e t  a l .  found an a s s o c i a t i o n  between 
low CSF 5-HIAA and s u i c i d a l  b ehav iou r  among a group o f  30 s u i c i d a l  
a t t e m p te r s ,  though most o f  th e s e  p a t i e n t s  were n o t  d iagnosed  as  
d e p re s s e d .  N e v e r th e le s s ,  i t  i s  p ro b ab ly  s a f e  to  i n t e r p r e t  such  
f i n d i n g s ,  and o f  th e  r e p o r t s  o f  low CSF 5-HIAA, as  s u g g e s t in g  d e c re a se  
5-HT tu rn o v e r  in  d e p re s s io n .  The f a c t  t h a t  c o n t r a d i c t o r y  f i n d i n g s  
e x i s t  i s  n o t  to  be d ism issed  on g rounds o f  d i f f e r e n c e s  i n  m ethodology 
and c l a s s i f i c a t i o n ,  bu t shou ld  be tak en  to  i n d i c a t e  th e  p re s e n c e  o f  
b i o l o g i c a l  subgroups w i th in  th e  v a r io u s  c a t e g o r i e s  o f  d e p r e s s io n .
The r a t e - l i m i t i n g  enzyme o f  5-HT s y n th e s i s  i n  th e  b r a in  i s  t r y p to p h a n  
h y d ro x y la se ,  and o f  c a ta b o l ism  i s  MAO (see  F ig .  1 .1 ) .  In fo rm a t io n  on 
th e  a c t i v i t i e s  o f  th e s e  enzymes i n  th e  b r a in s  o f  d ep re ssed  s u b j e c t s  i s
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d i f f i c u l t  to  o b t a in ,  f o r  obvious r e a s o n s .  R esea rch e rs  have a t te m p te d  
to  c ircum vent t h i s  o b s t a c l e  by u s in g  blood p l a t e l e t s  a s  a model f o r  
synap tosom es, s in c e  th e s e  two c e l l  ty p e s  have c e r t a i n  f e a t u r e s  in  
common, such a s  th e  up take  k i n e t i c s  o f  5-HT and t ry p to p h a n  (S ta h l  e t  
a l . , 1982) .  A lso , th e  o ccu rren c e  o f  MAO, o f  s to r a g e  s i t e s  o f  5-HT and 
of^H-im ipram ine b in d in g  s i t e s  i n  bo th  p l a t e l e t s  and synaptosomes ( S ta h l  
e t  a l . , 1982) ,  c o n t r i b u t e  to  making p l a t e l e t s  an a p p a r e n t ly  s u i t a b l e  
model f o r  b ioch em ica l  and pharm acologic  s tu d i e s  i n  th e  m en ta l 
d i s o r d e r s ;  o f f e r i n g  i n s i g h t  i n t o  th e  n a tu re  o f  p ro c e s s e s  i n  th e s e  
d i s o r d e r s ,  a s  w e ll  as p ro v id in g  u s e f u l  in fo rm a tio n  on p e r i p h e r a l  5-HT 
m etabo lism . Changes in  p e r ip h e r a l  t ry p to p h an  d i s t r i b u t i o n  and 
m etabolism  occu r in g  in  th e  d e p re s s iv e  d i s o r d e r s ,  have been p roposed  
(Shaw ,1976) .  The p l a t e l e t  model has c e r t a i n  l i m i t a t i o n s .  P l a t e l e t s  do 
n o t  s y n th é t i s é  5-HT no r  do th e y  c o n ta in  th e  enzyme t ry p to p h a n  
h y d ro x y la se ,  so t h a t  any change in  r e g u la to r y  5-HT system s i n  th e  
b r a in s  o f  d ep re ssed  s u b je c t s  can n o t be e lu c id a t e d  from s tu d y in g  
p l a t e l e t s .  Fu rtherm ore ,  th e  human p l a t e l e t  i s  n o t  an a p p r o p r i a t e  model 
f o r  s tu d y in g  NE o r  DA up take  in  th e  CNS (Solomon e t  a l . , 1969; S t a h l  & 
M e l tz e r , I978 ) .
S tu d ie s  on p l a t e l e t  5-HT l e v e l s  i n  th e  d e p re s s iv e  d i s o r d e r s  have 
p rov ided  c o n t r a d i c t o r y  d a t a ,  b u t  i t  has  been su g g es ted  t h a t  th e  
d i s c r e p a n t  f in d in g s  could  be e x p la in e d  by th e  f a c t  t h a t  th o s e  s t u d i e s  
r e p o r t i n g  lower p l a t e l e t  5-HT in v o lv ed  p a t i e n t s  on m e d ic a t io n ,  
in c lu d in g  t r i c y c l i c  a n t i d e p r e s s a n t s ,  which a r e  known to  d e c re a s e  
p l a t e l e t  5-HT l e v e l s  (S ta h l  e t  a l . , 1982). I t  a p p e a rs  t h a t  h ig h e r  
l e v e l s  o f  p l a t e l e t  5-HT occur in  b ip o l a r  d e p re s s io n ,  b u t  n o t  in  
u n ip o la r  d e p re s s io n  (S ta h l  e t  a l . ,1 9 8 2 ) .  A n o te  o f  c a u t io n  c o n c e rn in g  
th e  s t u d i e s  in v o lv in g  p l a t e l e t s  i s  p e r t i n e n t  a t  t h i s  s t a g e .  To d a t e .
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no r e p o r t s  have appeared  which have shown any d i r e c t  a s s o c i a t i o n
between human p l a t e l e t  5-HT c o n te n t  and human synaptosome 5-HT c o n te n t  
(S ta h l  e t  a l . ,1982 ),  so t h a t  th e  h ig h e r  5-HT l e v e l s  i n  b ip o l a r  
d e p re s s io n  may n o t  n e c e s s a r i l y  r e f l e c t  h ig h e r  b r a in  5-HT l e v e l s  in
th e s e  p a t i e n t s .
To d a t e ,  a t  l e a s t  18 s tu d i e s  have been performed on th e  up take  o f
p l a t e l e t  5-HT i n  th e  d e p re s s iv e  d i s o r d e r s  ( S ta h l  e t  a l . , 1982 ;
L i n g j a e r d e , 1984). The consensus o f  o p in io n  i s  t h a t  d ec re a se d  5-HT 
up tak e  o ccu rs  in  bo th  th e  u n ip o la r  and b ip o l a r  forms o f  th e  i l l n e s s .  
The d ec re ase d  p l a t e l e t  5-HT u p take  i s  by no means s p e c i f i c  f o r  
d e p re s s io n ,  a s  i t  o ccu rs  in  Down’ s syndrome. A lb in ism , C hed iak -H igash i 
syndrome and Duchenne m uscular d y s tro p h y .  A lso , p l a t e l e t  5-HT u p ta k e  
s t u d i e s  s u f f e r  from s im i l a r  d is a d v a n ta g e s  to  s tu d i e s  in v o lv in g  p l a t e l e t  
5-HT c o n c e n t r a t i o n ,  such as  d i f f e r e n c e s  i n  m ethodology, l a c k  o f  any 
f i rm  ev idence fo r  an a s s o c i a t i o n  between p l a t e l e t  up tak e  and 
synaptosomal up take o f  5-HT i n  humans and th e  e f f e c t  o f  d i u r n a l  
v a r i a t i o n  ( L i n g j a e r d e , 1984). A p p aren tly ,  th e  uptake r a t e ,  1 ^ is  reduced  
whereas th e  a f f i n i t y  c o n s ta n t  Km i s  unchanged ( L i n g j a e r d e , 1984). 
T h e re fo re ,  f i n d in g s  o f  in c re a s e d  p l a t e l e t  c o n c e n t r a t io n  o f  5-HT can n o t  
be accounted  fo r  by 5-HT up take  r a t e s .  B ut, p l a t e l e t  MAO a c t i v i t y  i s  
found to  be reduced  in  d e p re s s io n  (Marphy & W eiss ,1972 ;Gershon e t  
a l . ,1 9 7 9 ) ,  and t h i s  may accoun t f o r  th e  in c re a s e d  5-HT c o n c e n t r a t i o n s  
r e p o r te d .  However, d i s c r e p a n t  f in d i n g s  e x i s t  (L in g ja e rd e ,  1984), and no 
c o r r e l a t i o n  was found between p l a t e l e t  MAO a c t i v i t y  and 5-HT 
c o n c e n t r a t io n  (W irz - J u s t ic e  & P u h r in g e r ,1978 ).
L eve ls  o f  th e  DA and NE m e ta b o l i t e s  HVA and MHPG, r e s p e c t i v e l y ,  have 
a l s o  been in v e s t ig a t e d  in  d e p re s s io n .  While d i s c r e p a n t  f i n d i n g s  e x i s t .
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th e  w eight o f  ev idence  ap p e a rs  to  be i n  favour  o f  low er CSF-HVA in  
d e p re s s io n  (Goodwin e t  a l . ,1 9 7 8 ;Z is  & G oodwin,1982). Whether t h e r e  i s  
any a b n o rm a l i ty  w ith  CSF-MHPG i n  th e  d e p re s s iv e  d i s o r d e r s  i s  u n c l e a r .  
Two s tu d ie s  have shown s i g n i f i c a n t l y  lower l e v e l s  i n  d e p re s se d  
p a t i e n t s ,  w h ile  two o th e r s  cou ld  n o t  dem onstra te  any such  d i f f e r e n c e s  
between d e p re s sed  p a t i e n t s  and s u i t a b l e  c o n t r o l  s u b je c t s  (Goodwin e t  
a l . , 1978 ) .  F u rtherm ore ,  CSF-HVA l e v e l s  appear to  be normal in  manic 
p a t i e n t s  compared to  c o n t r o l s .  More work i s  needed to  see  w hether 
manic p a t i e n t s  have h ig h e r  l e v e l s  th a n  d ep re s se d  p a t i e n t s .  The l e v e l  
o f  MHPG i n  u r in e  i s  r e p o r te d  to  be reduced  in  d e p re s s io n  and to  be 
c h a r a c t e r i s t i c  o f  th e  b ip o l a r  form o f  d e p re s s io n  r a t h e r  th a n  th e  
u n ip o la r  form (Goodwin & P o t t t e r ,1 9 7 9 ) .  This view i s  su p p o r te d  in  a 
r e c e n t  rev iew  o f  th e  l i t e r a t u r e  (Z is  & Goodwin,1982).
1 .2 .4  Blood Tryptophan and o th e r  N u t r i t i o n a l  f a c t o r s  
in  D epression
The ev id e n c e ,  a s  d is c u s s e d  in  th e  p rev io u s  s e c t i o n ,  i m p l i c a t e s  5-HT as  
one o f  th e  major monoamines in v o lv ed  in  d e p re s s iv e  d i s o r d e r s .  S e v e ra l  
l i n e s  o f  i n v e s t i g a t i o n  have shown t h a t  th e  c o n c e n t r a t io n  o f  5-HT i n  th e  
b r a in  i s  c o n t r o l l e d  by th e  a v a i l a b i l i t y  o f  t ry p to p h a n  (s e e  S e c t io n  
1 .1 .8 ) ,  and a number o f  s t u d i e s  have shown lower plasma c o n c e n t r a t i o n s  
o f  t ry p to p h an  in  d e p re s s io n .  S ince t h a t  tim e a number o f  c o n f l i c t i n g  
r e p o r t s  have ap p ea red .  Aylward (1973) and K ishimoto & Hama (1976) 
obtained s im i la r  f in d in g s  to  those o f  Coppen e t  a l .  (1973 ) .  However, a t  
l e a s t  3 s t u d i e s  (R i le y  & Shaw,1976; Niskanen e t  a l . ,1976; M o lle r  e t  
a l . , 1976) did n o t  dem onstra te  any d i f f e r e n c e  between th e  l e v e l s  o f  
plasma try p to p h a n  in  p a t i e n t s  w ith  d e p re s s io n  and in  s u i t a b l e  c o n t r o l  
s u b j e c t s .  Wood & Coppen ( I 98O) su g g es ted  t h a t  th e  d i s c r e p a n t  f i n d i n g s
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may be due to  th e  d i f f e r e n c e s  i n  methodology and c l a s s i f i c a t i o n .  Some 
w orkers d id  n o t  s u b - c l a s s i f y  t h e i r  p a t i e n t s  i n t o  d i s c r e t e  c a t e g o r i e s ,  
eg .  b i p o l a r - u n i p o l a r ,  and th e  methods o f  a n a l y s i s  o f  p lasm a try p to p h a n  
v a r ie d  between th e  s t u d i e s .  As to  th e  former p o i n t .  Wood & Coppen 
( 1980 ) found t h a t  among a group o f  29 p a t i e n t s  w ith  d e p r e s s io n ,  th e  
more endogenous type  had lower p la sm a - f re e  l e v e l s  th a n  th e  l e s s
endogenous ty p e .  However, th e  d i f f e r e n c e  was n o t  s i g n i f i c a n t  and 
th e r e f o r e  canno t be used w ith  any c o n v ic t io n  to  e x p la in  d i f f e r e n t  
v a lu e s  o f  p la sm a - f re e  t ry p to p h a n  r e p o r te d  by th e  d i f f e r e n t  w o rk e rs .  I t  
d o es ,  however, draw a t t e n t i o n  to  t h i s  p o s s i b i l i t y ,  and , a s  Wood & 
Coppen ( 1980 ) s u g g es ted ,  f u r t h e r  s t u d i e s  a r e  needed in  t h i s  a r e a .  As 
to  the  p o s s i b i l i t y  o f  d i f f e r e n c e s  i n  a n a l y t i c a l  methods c o n t r i b u t i n g  to  
th e  d i s c r e p a n t  f i n d i n g s .  Wood & Coppen ( I 98O) showed t h a t  methods 
employing PCA a s  p r e c i p i t a t i n g  ag en t gave s i g n i f i c a n t l y  low er r e s u l t s  
th a n  th o se  employing TCA. A lso, th e  u l t r a f i l t r a t i o n  method gave
c o n s id e ra b ly  low er v a lu e s  th a n  th e  e q u i l ib r iu m  d i a l y s i s  m ethod. While 
such d i f f e r e n c e s  in  a n a l y t i c a l  te c h n iq u e s  can h e lp  to  e x p la in  th e  
d i f f e r e n c e s  in  a b s o lu te  v a lu e s ,  th e s e  can n o t e x p la in  th e  d i f f e r e n c e s  i n  
r e l a t i v e  v a lu e s ,  i . e .  r e l a t i v e  to  c o n t r o l  v a u e s .  Thus, d i f f e r e n c e s  i n  
methodology and c l a s s i f i c a t i o n  canno t account e n t i r e l y  f o r  th e
d i s c r e p a n t  f i n d i n g s ,  and o th e r  v a r i a b l e s  must be c o n s id e re d .
S i g n i f i c a n t l y  lower c o n c e n t r a t i o n s  o f  p lasm a f r e e  t ry p to p h a n  d u r in g  th e  
perim enopausal p e r io d  have been r e p o r te d  in  normal s u b je c t s  (Wood & 
Coppen,1978) .  This i s  though t to  be due to  th e  low er c i r c u l a t i n g  
l e v e l s  o f  o e s t ro g e n s  in  th e se  s u b j e c t s ,  s in c e  o e s t ro g e n s  i n c r e a s e  
plasma f r e e  t ry p to p h a n  by i n t e r f e r i n g  w ith  t ry p to p h a n -a lb u m in  b in d in g ,  
and when g iven to  p a t i e n t s  w ith  d e p re s s io n ,  i n c r e a s e s  p lasm a f r e e
t ry p to p h a n  c o n c e n t r a t i o n s .
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A number o f  d ru g s ,  in c lu d in g  s a l i c y l a t e  , c h lo r ip ra m in e  and 
d es ip ram in e ,  have been shown to  weaken th e  try p to p h an -a lb u m in  b in d in g  
and so in c r e a s e  th e  c o n c e n t r a t io n  o f  plasm a f r e e  t r y p to h a n .  Among th e  
s t u d i e s  w ith  d ep re ssed  p a t i e n t s  a r e  th o se  o f  R iley  & Shaw (1976) and 
Wood & Coppen (1978).
N o n - e s te r i f i e d  f a t t y  a c id s  in c r e a s e  serum f r e e  t ry p to p h a n  l e v e l s  by 
a f f e c t i n g  the  b in d in g  o f  t ry p to p h a n  to  abumin (Madras e t  a l . , 1974). 
Curzon e t  a l .  (1974) found a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between 
th e  p e rce n tag e  f r e e  t ry p to p h a n  and NEFA l e v e l s  i n  th e  plasma o f  
p a t i e n t s  w ith  d e p r e s s io n , ,  though no such c o r r e l a t i o n  was found in  a
s e p a r a te  s tu d y  (Wood & Coppen,1980). In th e  l a t t e r  s tu d y ,  f i n d i n g s  o f
lower p e rce n tag e  f r e e  t ry p to p h a n  could  n o t  be e x p la in e d  by plasm a 
albumin c o n c e n t r a t i o n .  I n s te a d ,  th e  p o s s i b i l i t y  o f  s t r e s s  was
c o n s id e re d  to  account f o r  th e  f in d i n g s ,  s in c e  Shaw (1980) found t h a t  
d ep re ssed  p a t i e n t s  under s t r e s s  ( e g . ,  th o se  about to  undergo ECT) had 
low plasma try p to p h a n  l e v e l s .
Other p o s s i b i l i t i e s  t h a t  have been c o n s id e re d  f o r  f in d in g s  o f  low 
plasma try p to p h an  in  d e p re s s io n  a r e ;  in c re a s e d  u r in a r y  t ry p to p h a n  
e x c r e t io n ;  in d u c t io n  o f  t ry p to p h a n  p y r o l l a s e  in  th e  l i v e r  and
in c re a s e d  t i s s u e  up take o f  t ry p to p h a n ,  b u t  s t u d i e s  so f a r  have n o t  
p rov ided  a s a t i s f a c t o r y  e x p la n a t io n  (Wood e t  a l . , 1978; Wood & 
Coppen, 1980) .
Routine s c re e n in g  to  exc lude  p e rn ic io u s  anaemia have been advoca ted  f o r  
a l l  p s y c h ia t r i c  p a t i e n t s  (S tra c h a n  & H en d erso n ,1965) because  B12 
d e f ic ie n c y  i s  known to  produce n e u r o lo g i c a l  symptoms and i s  a s s o c i a t e d  
w ith  p s y c h i a t r i c  symptoms such a s  d e p re s s io n .  Shulman ( 1967k) examined
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the  r e l a t i o n s h i p  between v i ta m in  B12 d e f ic ie n c y  and i n d i v id u a l  
p s y c h i a t r i c  syndromes, in c lu d in g  d e p re s s io n .  Four p a t i e n t s  w ith  
d e p re s s io n  were in c lu d ed  in  th e  s tu d y  (3 w ith  d e p re s s io n  o f  an 
endogenous n a tu re  and 1 w ith  a hypomanie s t a t e ) . While w a i t in g  f o r  th e  
serum v i ta m in  B12 r e s u l t s  (app rox . 6 w eeks) ,  th e  p a t i e n t s  were t r e a t e d  
r o u t i n e l y  w ith  a n t id e p r e s s a n t  d ru g s ,  b u t  no v i tam in  B12 was g iv e n .  A ll 
showed improvement and the  m en ta l s t a t e  had r e m i t t e d .  A lso , some c a s e s  
have been reco rd ed  where p a t i e n t s  showed improvement th e n  r e l a p s e d  
w hile  on v i ta m in  B12 t r e a tm e n t  (S hu lm an ,196%^. Such ev id en ce  su g g e s te d  
t h a t  t h e r e  i s  o n ly  a tenuous r e l a t i o n s h i p  between v i ta m in  B12 
d e f ic ie n c y  and a f f e c t i v e  d i s o r d e r s ,  and i t  has  been su g g es ted  t h a t  th e  
h ig h  in c id e n c e  o f  p e rn ic io u s  anaemia and d e p re s s io n  i s  such  t h a t  a 
f o r t u i t i o u s  a s s o c i a t i o n  between th e  two c o n d i t io n s  may e x p la in  why some 
p a t i e n t s  w ith  d e p re s s io n  deve lop  p e rn ic io u s  anaemia (Shulman, 196Tt).
U nlike w ith  v i ta m in  B12 d e f i c i e n c y ,  t h e r e  i s  a l a r g e  body o f  e v id en ce  
im p l ic a t in g  f o l a t e  d e f i c i e n c y  in  th e  a e t io lo g y  o f  d e p r e s s iv e  d i s o r d e r s .  
Reynolds (1967) sugges ted  a c a u s a l  r e l a t i o n s h i p  between f o l a t e  
d e f i c i e n c y  and a f f e c t i v e  p s y c h o s is .  Carney (1967b) and Hunter e t  a l . 
( 1967) ,  among o t h e r s ,  found low serum f o l i c  a c id  among p a t i e n t s  w ith  
d e p re s s io n .  Serum f o l i c  a c id  d e te rm in a t io n s  were u s u a l ly  perform ed by 
m ic ro b io lo g ic a l  a s s a y  and f a l s e l y  low serum v a lu e s  can r e s u l t  a s  a 
r e s u l t  o f  drug i n t e r a c t i o n ,  eg t r i c y c l i c  a n t id e p r e s s a n t s  and L .c a s e i  
a s s a y  ( C arney ,1967b), and most o f  th e  p a t i e n t s  from th e s e  two s t u d i e s  
were on t r i c y c l i c  a n t i d e p r e s s a n t s .  However, drug i n t e r a c t i o n s  cou ld  
n o t  accoun t e n t i r e l y  f o r  th e  f in d i n g s ,  s in c e  in  th e  s tu d y  by Carney 
( 1967b ) ,  s c h iz o p h re n ic s  and n e u r o t i c s  r e l a t i v e l y  seldom had low serum 
f o l a t e  and th e s e  p a t i e n t s  were c o n s id e re d  th e  most m edica ted  p a t i e n t s .  
F u r th e rm o re , th e s e  p a t i e n t s  were th e  most c h ro n ic ,  t h e r e f o r e  c h r o n i c i t y
40
o f  i l l n e s s  a l s o  could  n o t  accoun t f o r  th e  f in d in g s  o f  low serum f o l a t e  
in  d e p re s s io n .
P rev ious f in d i n g s  o f  low serum f o l a t e  i n  d ep re ssed  p a t i e n t s  have been 
sup p o r ted  by th e  work o f  Reynolds e t  a l .  (1970) .  These w orkers  found 
t h a t  24 # o f  91 ad m it ted  d e p re s se d  p a t i e n t s  had low serum f o l a t e  
c o n c e n t r a t i o n s .  F u rtherm ore ,  t h e r e  was an a s s o c i a t i o n  between low
serum f o l a t e  l e v e l s  and d e p re s s io n  r a t i n g  s c o re s  i n  th e s e  p a t i e n t s ,  as  
w e l l  as  an a s s o c i a t i o n  between low serum f o l a t e  and re sp o n se  to
t r e a tm e n t .  More r e c e n t l y ,  Coppen & Abou-Saleh (1982) found a 
s i g n i f i c a n t l y  h ig h  m o r t a l i t y  among d ep re ssed  p a t i e n t s  who had low serum 
f o l a t e  c o n c e n t r a t i o n s  th a n  among th o se  w ith  h ig h e r  f o l a t e  l e v e l s .  The 
rea so n  fo r  th e  low serum f o l a t e  l e v e l s  found in  th e  s tu d y  by Reynolds 
e t  a l . (1970),  and in  e a r l i e r  s t u d i e s ,  was n o t  c l e a r .  The
p o s s i b i l i t i e s  o f  c h r o n i c i t y  o f  i l l n e s s  and drug i n t e r a c t i o n s  
c o n t r i b u t i n g  to th e  f o l a t e  p i c tu r e  have a l r e a d y  been m en tioned .  
In fo rm a t io n  on d i e t a r y  h i s t o r y  was c o l l e c t e d  in  th e  s tu d y  o f  Reynolds 
e t  a l .  (1970 ) ,  b u t  th e s e  canno t be t r e a t e d  as  r e l i a b l e  d a ta  a s  methods 
based on d i e t a r y  r e c a l l  a r e  n o t  a c c u r a te  (G raham ,1982). N e v e r th e le s s ,  
d i e t a r y  h i s t o r y  cou ld  n o t  e x p la in  th e  low serum f o l a t e  c o n c e n t r a t i o n s  
fo u n d . Serum f o l a t e  i s  known to  be a f f e c t e d  by r e c e n t  d i e t a r y  
f l u c t u a t i o n s ,  whereas e r y th r o c y te  f o l a t e  more r e f l e c t s  th e  t i s s u e  
s t a t u s  o f  th e  s u b je c t  (V arad i & E lw is ,1 9 6 6 ) ,  bu t e r y th r o c y te  l e v e l s
have r a r e l y  been measured in  d e p re s s io n .  However, r e c e n t  work has
shown lower e ry th ro c y te  f o l a t e  i n  p a t i e n t s  w ith  d e p re s s io n  (A bou-Saleh , 
p e r s o n a l  com m unica tion).
I t  i s  ex tre m ely  d i f f i c u l t  to  o b ta in  d r u g - f r e e  d ep re ssed  p a t i e n t s ,  a s
once a p a t i e n t  i s  d iagnosed  as s u f f e r i n g  from a d e p r e s s iv e  d i s o r d e r .
41
th e  c l i n i c i a n  u s u a l ly  i n i t i a t e s  t r e a tm e n t  u s in g  one o r  more o f  s e v e r a l  
a v a i l a b l e  t r e a tm e n t s ,  i n c lu d in g  t r i c y c l i c  a n t i d e p r e s s a n t s ,  MAO 
i n h i b i t o r s ,  l i t h iu m  th e ra p y  and e l e c t r o c o n v u l s iv e  th e ra p y  (ECT), and 
such t r e a tm e n ts  may a f f e c t  f o l a t e  a s s a y s  employing t i s s u e  c u l t u r e .  The 
in f lu e n c e  o f  i n - v i t r o  e f f e c t s  o f  d rugs  on b i o l o g i c a l  a s s a y  can be 
removed by employing r a d io a s s a y  te c h n iq u e s  to  a s s a y  serum or
e r y th r o c y te  f o l a t e .  However, such te c h n iq u e  has  seldom been employed 
in  s tu d i e s  i n v e s t i g a t i n g  blood f o l a t e  l e v e l s  in  d e p re s s io n .
Members o f  th e  B group o f  v i t a m in s ,  and a s c o rb ic  a c id  p la y  im p o r ta n t  
r o l e s  in  b r a in  5-HT s y n th e s i s  ( s e e  s e c t io n  1 .1 .8 ) ,  so t h a t  low s t a t u s  
w ith  r e s p e c t  to  th e se  v i ta m in s  could  cause  deranged  monoamine 
m etabolism  and so manifest a s  a d e p re s s iv e  d i s o r d e r .  R e c e n t ly ,  Russ e t  
a l . ( 1983 ) found low v i ta m in  B6 s t a t u s  in  p a t i e n t s  d iagnosed  as 
d ep ressed  o r  o b s e s s iv e - c o n v u ls iv e .  Depending upon th e  ’ c u t - o f f ’ p o in t  
used  to  a s s e s  v i ta m in  B6 s t a t u s ,  57-100 % o f  th e  d ep re s se d  p a t i e n t s  and 
25-50 % o f  th e  o b sess iv e -c o m p u ls iv e  p a t i e n t s  had v i ta m in  B6 v a lu e s
i n d i c a t i v e  o f  v i ta m in  B6 inadequacy . Moreover, th e  mean v a lu e  o f  ALT 
a c t i v a t i o n  fo r  th e  d ep re ssed  p a t i e n t s  was s i g n i f i c a n t l y  h ig h e r  th a n  
v a lu e s  o b ta in e d  from a group o f  c o n t r o l  s u b j e c t s .  These f in d i n g s  
su p p o r ted  e a r l i e r  ev idence  o f  v i ta m in  B6 inadequacy in  d e p re s s io n
(C a rn e y ,1979) .  In th e  s tu d y  by Carney (1979 ) ,  154 p s y c h i a t r i c  p a t i e n t s  
w ith  a h i s t o r y  o f  a poor d i e t  were examined and i t  was found t h a t
s i g n i f i c a n t l y  more endogenous d e p re s s iv e s  th a n  o th e r  p a t i e n t s  had h ig h  
AST a c t i v a t i o n  c o e f f i c i e n t s .  As w ith  th e  s t u d i e s  in v o lv in g  f o l i c  a c i d ,  
d i e t a r y  i n t a k e s  were n o t  s y s t e m a t i c a l l y  m onito red  in  th e s e  p a t i e n t s ,  so 
w h ile  low v i ta m in  B6 s t a t u s  cou ld  r e s u l t  from th e  poor d i e t a r y  
h i s t o r i e s  o f  th e  p a t i e n t s , i t  was n o t  c l e a r  w hether th e  s i g n i f i c a n t l y  
lower v i ta m in  B6 s t a t u s  o f  th e  d ep re s se d  p a t i e n t s  was caused  by
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s i g n i f i c a n t l y  lower d i e t a r y  i n t a k e s  i n  th e s e  p a t i e n t s  compared to  th e  
p a t i e n t s  i n v e s t i g a t e d .  The s tu d y  by Carney (1979) a l s o  r e v e a le d  an 
a s s o c i a t i o n  between low th iam in  s t a t u s  and endogenous d e p r e s s io n .  
However, s in c e  low th iam in  s t a t u s  was a l s o  a s s o c i a t e d  w ith  
m a l n u t r i t i o n ,  and w ith  o th e r  c o n d i t io n s  such a s  c h ro n ic  a lc o h o l is m ,  
drug  a d d ic t io n  and s c h iz o p h re n ia ,  i t  was concluded t h a t  low th ia m in  
s t a t u s  i s  n o t  a f e a t u r e  p e c u l i a r  to  d e p re s s io n  and th e  low s t a t u s  may 
s im ply  have been caused by d i e t a r y  l a c k .  In  t h a t  s tu d y ,  th e  c r i t e r i o n  
fo r  s e l e c t i n g  p a t i e n t s  was w hether o r  n o t  th e  p a t i e n t  had a poor 
d i e t a r y  h i s t o r y ;  i t  would be i n t e r e s t i n g  to  f in d  ou t i f  i n  th e  n a t u r a l  
occurence  o f  d e p re s s io n ,  t h e r e  i s  any a s s o c i a t i o n  between d e p re s s io n  
and d i e t a r y  l a c k  o r  m a la b s o rp t io n .  Such a s tu d y  would s e l e c t  a random 
sample o f  p a t i e n t s  w ith  d e p re s s io n  b e fo re  a s s e s s in g  t h e i r  n u t r i t i o n a l  
s t a t u s .
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1 .3  I n t e s t i n a l  A bsorp tion  & M alabso rp tion
1 .3 .1  Im portance to  S e n i le  Dementia and D epression
D ie ta ry  d e f i c i e n c i e s  o f  v i ta m in s  have been shown to  cause  changes  in  
i n t e s t i n a l  morphology and brush  b o rd e r  enzyme co m p o s i t io n ,  and can 
r e s u l t  i n  im paired  a b s o rp t io n  o f  amino a c i d s  as  w e ll  a s  o th e r  n u t r i e n t s  
(s e e  s e c t i o n  1 .3 .4 ) .  Other s t u d i e s  have im p l ic a te d  f o l a t e  d e f i c i e n c y  
as a p o s s ib le  cause o f  m a la b so rp t io n  syndromes such a s  t r o p i c a l  sp rue  
(T om kins ,1981) .  E xperim enta l f o l a t e  d e f i c i e n c y  r e s u l t s  i n  a t ro p h y  o f  
th e  sm all  i n t e s t i n e  and im paired  m i to s i s  and c e l l  t r a n s i t  t im e  (Badcock 
& Tom kins,1978) .  I t  rem ains  a p o s s i b i l i t y  t h a t  such changes in  
a b s o r p t iv e  fu n c t io n  and s t r u c t u r e  o f  th e  i n t e s t i n a l  mucosa a r i s i n g  
th rough  d i e t a r y  d e f i c i e n c y  may be r e s p o n s ib l e  f o r ,  o r  c o n t r i b u t e  t o ,  
f in d i n g s  o f  s u b - c l i n i c a l  d e f i c i e n c y  w ith  r e s p e c t  to  many n u t r i e n t s ,  
in c lu d in g  t ry p to p h a n ,  i n  p a t i e n t s  w ith  s e n i l e  dem entia  and in  p a t i e n t s  
w ith  d e p re s s io n .  D ecreased t ry p to p h a n  a b s o rp t io n  in  a group o f  
p a t i e n t s  w ith  s e n i l e  dem entia  has been no ted  (Lehmann,1981). A lso , 
s u b - c l i n i c a l  d e f i c i e n c y  and d i s e a s e s  o f  th e  g a s t r o i n t e s t i n a l  t r a c t  a r e  
common f in d in g s  in  th e  e l d e r l y  (Berman & K i r s n e r ,1972 ).
1. 3 .2  S t r u c tu r e  and Renewal o f  th e  I n t e s t i n a l  E p ithe lium
The fo l lo w in g  d i s c u s s io n  i s  taken  from a d e s c r ip t io n  by Rogers (1 9 8 3 a ) .  
The sm all  i n t e s t i n e  c o n s i s t s  o f  f i v e  c o a t s :  mucosa, m u s c u la r i s  mucosa,
sub-mucosa, m u sc u la r is  e x te rn a  and s e ro s a  ( F ig .  1 . 4 ) .  The mucosa 
com prises  th e  e p i th e l iu m  and lam ina p r o p r i a .  The mucosa i s  throw n i n t o  
a number o f  f o l d s ,  and the  whole s u r f a c e  i s  covered  w ith  th e  
f i n g e r - l i k e  v i l l i .  The e p i th e l iu m  co v ers  th e  v i l l i  and i s  c o n t in u o u s
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F i g .  1.4 S t r u c t u r e  of  t h e  Smal l  I n t e s t i n e  Ç O b ta in e d  from th e  rat
Mag.  X 4 o 3
Epithel iums
Lamina I  Mucosa 
Propria J
Muscular is  Mucosae  
Submucosa  
Muscular is  E x tern a  
Serosa
Fig. 1 .5 Ce l ls  of  the Smal l  I n t e s t in e
E n t e r o c y t e
Goble t  Ce l l
V i I lous
C r y p t
Mi toses
E n t e r o r h r o m a f  f in Cel l
P a n e t h  Ce l l
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i n t o  numbers o f  g la n d s  which ex tend  from th e  s u r f a c e  o f  th e  sm all  
i n t e s t i n e  down in t o  i t s  w a l l s .  The lam ina p r o p r ia  ex te n d s  from th e  
b a s a l  lam ina under th e  e p i th e l iu m  to  th e  m u sc u la r is  mucosa and c o n s i s t s  
o f  lo o se  co n n ec t iv e  t i s s u e ,  c a p i l l a r i e s  and lym phatic  v e s s e l s ,  and 
w ith in  th e  co re  i t s e l f  th e r e  a r e  l a r g e  numbers o f  lym phocytes and 
plasma c e l l s .  Also nod u le s  o f  lymphoid t i s s u e  and r e t i c u l o - e n d o t h e l i a l  
c e l l s  can be seen in  p l a c e s .  Smooth muscle f i b r e s  run  l o n g i t u d i n a l l y  
in  th e  c e n t r e  o f  th e  v i l l o u s  c o re .  The m u s c u la r is  mucosa c o n s i s t s  o f  a 
t h i n  s h e e t  o f  smooth m uscle ,  w h i l s t  th e  submucosa i s  lo o se  c o n n e c t iv e  
t i s s u e  c a r ry in g  a r t e r i e s ,  v e in s  and lym phatic  v e s s e l s .  The m u s c u la r i s  
e x te rn a  com prises  smooth m uscle a r ran g ed  in  two l a y e r s  a t  r i g h t  a n g le s  
to  each  o th e r  and c o n ta in s  n e u ro n a l  c e l l  b o d ie s  and s y n a p se s ,  w hereas 
th e  s e ro s a  i s  a t h i n  l a y e r  o f  c o n n e c t iv e  t i s s u e  c a r ry in g  blood v e s s e l s  
and n e rv e s .
F igure  1.5 d e p ic t s  a l o n g i t u d i n a l  s e c t i o n  th rough  a j e j u n a l  v i l l u s .  
Columnar c e l l s  l i n e  th e  v i l l i  and a r e  o f  two ty p e s  : e n t e r o c y te s  and
g o b le t  c e l l s .  The e n te ro c y te  has a l a r g e  o va l shaped n u c le u s ,  ly in g  
tow ards th e  base  o f  th e  c e l l ,  w ith  l i t t l e  condensed c h ro m a tin .  The 
s u r f a c e  f a c in g  th e  lumen c o n s i s t s  o f  m i c r o v i l l i ,  which a t  low 
m a g n if ic a t io n  has a fuzzy  ap p ea ran ce ,  c a l l e d  th e  b rush  b o r d e r .  The 
g o b le t  c e l l s  s e c r e t e  mucus, and i s  shaped ’ l i k e  a s h e r r y  g l a s s  w ith o u t  
f o o t p l a t e ’ . I t s  n uc leus  i s  found a t  th e  base  o f  th e  c e l l .  In  th e  
e p i th e l iu m  o f  th e  g la n d s ,  o r  c r y p ts  o f  L ieberkuhn , can be seen  th e  two 
c e l l  ty p e s  d e s c r ib e d  above which occur  a t  th e  upper q u a r t e r  o f  th e  
g la n d s ,  and two o th e r  c e l l  t y p e s .  These a r e  th e  Paneth c e l l s  and th e  
e n te ro c h ro m a ff in  c e l l s .  Paneth c e l l s ,  w ith  n u c leu s  a t  th e  b ase  o f  th e  
c e l l ,  a r e  lo c a te d  a t  th e  bottom o f  th e  c r y p t s .  T he ir  p r e c i s e  f u n c t io n  
i s  unknown. The e n te ro c h ro m a ff in  c e l l s ,  whose b ase  l i e s  on th e
46
basement membrane, a r e  t y p i c a l l y  in t e r s p a c e d  between th e  c e l l s  o f  th e  
c r y p t .  A f u l l e r  d e s c r i p t i o n  o f  th e  h i s to l o g y  and c y to c h e m is t ry  o f  th e  
c e l l s  o f  th e  sm all  i n t e s t i n e  a r e  p rov ided  by Pearse  & Riecken (1 9 6 7 ) .
The c e l l s  o f  th e  i n t e s t i n a l  e p i th e l iu m  a re  c o n t in u a l l y  r e p la c e d  w ith  
c e l l  d i v i s i o n  o c c u r r in g  e x c l u s i v e ly  in  th e  c r y p t s , from where th e y  
m ig ra te  up tow ards  th e  v i l l o u s  t i p  to  be e v e n tu a l ly  e x t ru d e d .  
D iscovered alm ost a c e n tu ry  ago by B izzozero  (1888) ,  t h i s  p ro c e s s  has  
s in c e  been confirm ed by th e  newer te ch n iq u e  o f  a u to ra d io g ra p h y
(C re a m e r ,1967) .  The c l a s s i c a l  method o f  m easuring  th e  r a t e  o f  c e l l  
renew al in v o lv e s  m i to t i c  c o u n t in g .  M ito s is  i s  th e  p ro c e s s  o f  c e l l u l a r  
d i v i s i o n  whereby th e  chromosomes a r e  d u p l i c a te d  to  be sh a red  e q u a l ly  
between two dau g h te r  c e l l s .  Although a con tinuous  p r o c e s s ,  m i t o s i s  can
be env isaged  as o ccu r in g  in  4 s t a g e s :  p ro p h ase ,  an ap h ase ,  m etaphase
and t e lo p h a s e .  Rogers (1983b) has p rov ided  a u s e f u l  d e s c r i p t i o n  o f
th e se  p r o c e s s e s .  E s s e n t i a l l y ,  a t  p ro p h ase ,  d is p e r s e d  ch rom a tin  beg in  
to  condense i n t o  long  f in e  th r e a d s  u n t i l  a t  metaphase th e y  a r e  s h o r t  
s tubby  b o d ie s  ly in g  app ro x im ate ly  in  th e  m iddle  o f  th e  c e l l  and 
s t a i n i n g  d eep ly  w ith  haem ato x y lin .  Each chromosome s p l i t s  i n  two 
l o n g i t u d i n a l l y ,  u n t i l  a t  anaphase th e  d au g h te r  chromosomes a r e  p u l l e d  
a p a r t ,  and one d au g h te r  o f  each  p a i r  i s  dragged tow ards  i t s  
co rre sp o n d in g  cen trom ere .  F i n a l l y ,  a t  t e lo p h a s e  th e  chromosomes beg in  
to  d i s p e r s e  and a new n u c le a r  membrane forms between them. In  normal 
h i s t o l o g i c a l  p r e p a r a t io n s  o n ly  c e l l s  i n  m etaphase and anaphase  a r e  
e a s i l y  re c o g n is e d .  F a c to r s  t h a t  a f f e c t  th e  tu rn o v e r  r a t e  o f  th e  
e p i th e l iu m  a f f e c t  th e  shape o f  th e  v i l l i  and c ry p t  (C re a m e r ,1967): th e
normal f in g e r - s h a p e d  v i l l i  a r e  o f t e n  changed to  l e a f - s h a p e d  which can 
e v e n tu a l ly  become q u i t e  f l a t ,  u n t i l  o n ly  about 3 % o f  th e  o r i g i n a l  c e l l  
p o p u la t io n  i s  used to  l i n e  th e  e p i th e l iu m .
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1 .3 .3  Mechanisms o f  I n t e s t i n a l  A bsorp tion
A bsorp tion  o f  a su b s ta n c e  from th e  i n t e s t i n a l  lumen to  th e  b lood  may be 
env isaged  as occurring in  3 s ta g e s  :
1) Movement from the  lumen a c ro s s  th e  b ru sh  b o rd e r  membrane.
2) Movement th rough  th e  cy toplasm  o f  th e  c e l l ,  and
3) E x i t  to  th e  p o r t a l  b lood a c ro s s  th e  b a s o l a t e r a l  membrane.
Movement th rough  th e  cy toplasm  o f  th e  mucosal c e l l s  in v o lv e  p ro c e s s e s  
o th e r  than  sim ple  d i f f u s i o n .  M etabo lic  t r a n s fo rm a t io n s  may a f f e c t  th e  
n e t  amount o f  su b s ta n c e  t r a n s f e r r e d  from th e  mucosal to  th e  s e r o s a l  
p o le  o f  th e  c e l l .  The problem o f  a b s o rp t io n  a t  s t a g e s  (1 )  and (2 )  
above e s s e n t i a l l y  in v o lv e s  movement a c ro s s  a membrane, f o r  which a 
number o f  mechanisms e x i s t ,  p a s s iv e  d i f f u s i o n ,  f a c i l i t a t e d  d i f f u s i o n  
and a c t iv e  t r a n s p o r t .
P ass iv e  d i f f u s i o n  in v o lv e s  movement o f  a su b s ta n c e  down a c o n c e n t r a t i o n  
g r a d i e n t .  The l a r g e l y  l i p i d  b i l a y e r  membrane p r e s e n t s  a n a t u r a l
b a r r i e r  to  h y d ro p h i l ic  s u b s ta n c e s .  For sm all  h y d ro p h i l ic  s u b s ta n c e s
th e  p resence  o f  ’aqueous p o r e s ’ e n a b le s  movement th rough  th e  membrane. 
A lso , th e  flow  o f  w ate r  can c a r r y  w ith  i t  sm all  s o l u t e s ,  e g .  u r e a ,  
which can d i f f u s e  a c ro s s  th e  plasma membrane by a p ro c e ss  known as  
' s o l v e n t - d r a g ’ . Movement o f  l a r g e r  m o lecu le s  o f  n o n - e l e c t r o l y t e s  such  
as  amino a c id s  and g lucose  r e q u i r e  th e  a c t io n  o f  ’ f a c i l i t a t e d  
d i f f u s i o n ’ . This mechanism in v o lv e s  th e  use  o f  a ’ c a r r i e r ’ , w hich may 
have m u l t ip l e  b in d in g  s i t e s  w ith  d i f f e r i n g  a f f i n i t i e s  f o r  d i f f e r e n t  
s u b s ta n c e s .  F a c i l i t a t e d  d i f f u s i o n  d i f f e r s  from s im ple  d i f f u s i o n  i n  
t h a t  movement can occur up a c o n c e n t r a t io n  g r a d i e n t ,  a s  w e l l  as  down a
c o n c e n t r a t io n  g r a d i e n t .  In both  forms o f  d i f f u s i o n ,  m e ta b o l ic  e n e rg y
i s  n o t  r e q u i r e d .  A ctive  t r a n s p o r t  i s  c a r r i e r  m e d ia te d ,  b u t  u n l ik e
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sim ple and f a c i l i t a t e d  d i f f u s i o n ,  m e ta b o lic  energy  i s  r e q u i r e d .  An 
example i s  th e  t r a n s p o r t  o f  Na by th e  sodium pump, and r e q u i r e s  th e  
a c t i v i t y  o f  ATPase. For a f u l l e r  d e s c r i p t i o n  o f  th e  d i f f e r e n t  
t r a n s p o r t  mechanisms, th e  r e a d e r  i s  r e f e r r e d  to  Taha (1979) and Smyth & 
Whittam (1967) .
1 . 3 . 3 .1 A bsorp tion  o f  Amino A cids , Glucose and W ater-S o lub le  
V itam ins
E a r ly  work i n d i c a te d  t h a t  amino a c id s  a r e  absorbed  by a c t i v e  t r a n s p o r t ,  
w ith  c e r t a i n  groups o f  amino a c id s  s h a r in g  a common c a r r i e r  (W ilson & 
Wiseman,1954). There was a wide v a r i a b i l i t y  in  r e s u l t s  o b ta in e d  in  
subsequen t e x p e r im e n ts ,  and some o f  th e  p o s s i b le  s o u rc e s  o f  e r r o r  have 
been d e s c r ib e d  by Benson & Rampone (1966 ) .  These in c lu d e  d i f f e r e n t  
i n i t i a l  mucosal c o n c e n t r a t i o n s ,  and th e  s e c t i o n  o f  i n t e s t i n e  ch o sen ,  
s in c e  th e  a b s o r p t iv e  c a p a c i ty  o f  th e  i n t e s t i n e ,  a s  m easured by th e  
d i s t r i b u t i o n  r a t i o  between th e  s e r o s a l  and mucosal c o n c e n t r a t i o n ,  
i n c r e a s e s  a s  th e  i n i t i a l  c o n c e n t r a t i o n  d e c r e a s e s ,  and a b s o r p t io n  o f  
n e u t r a l  amino a c id s  i s  maximal in  th e  r e g io n  o f  th e  upper je junum  to  
th e  m id -ileum . Six c a t e g o r i e s  o f  amino a c id  c a r r i e r s  have been 
i d e n t i f i e d  (S tevens  e t  a l . , 1984). Some amino a c id s  s h a re  more th a n  one 
mechanism. S tu d ie s  u s in g  membrane v e s i c l e s  t o  s tudy  t r a n s p o r t  a c r o s s  
th e  b rush  b o rd e r  and b a s o l a t e r a l  membrane (S tevens  e t  a l . ,1984) have 
shown t h a t  d i f f u s i o n  c o n t r i b u t e  s i g n i f i c a n t l y  to  t r a n s p o r t  a c r o s s  b o th  
th e  b rush  b o rd e r  and th e  b a s o l a t e r a l  membrane, and t h a t  bo th  membranes 
p o sse ss  a Na-dependent and a N a-independent c a r r i e r .
Glucose t r a n s p o r t  o ccu rs  by a t  l e a s t  two pathw ays, v i z .  a )  a 
Na-dependent s a t u r a b l e  pathway, and f o r  which two system s have been
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i d e n t i f i e d ,  and b) a  d i f f u s i o n a l  pathway (S tev en s  e t  a l . ,1 9 8 4 ) .  When 
th e  g lu co se  c o n c e n t r a t io n  i s  > 2  mM, th e  d i f f u s i o n a l  pathway i s  more 
im p o r ta n t ;  below t h i s  c o n c e n t r a t io n  th e  a c t i v e  t r a n s p o r t  pathway 
p redom ina te .
In th e  y e a r s  b e fo re  th e  1980' s ,  th e  p o p u la r  c o n te n t io n  was h e ld  t h a t  
v i ta m in  a b s o rp t io n  occurred by s im ple  d i f f u s i o n .  However, r e c e n t  
ev idence  i s  in  favour o f  c a r r i e r  m ed ia ted  t r a n s p o r t  mechanisms f o r  a l l  
th e  w ater  s o lu b le  v i ta m in s  ex cep t p y r id o x in e  and p-am inobenzoic  a c id  
( R o s e ,1981) .  I t  ap p ea rs  t h a t  r e s u l t s  from e a r l y  s t u d i e s  f a i l e d  to  
dem onstra te  a c t i v e  t r a n s p o r t  f o r  a number o f  r e a s o n s ,  in c lu d in g  th e  use 
o f  too  h igh  a s u b s t r a t e  c o n c e n t r a t io n  in  th e  mucosal f l u i d  and use  o f  a 
m o lecu la r  from o f  th e  v i ta m in  t h a t  i s  n o t  abso rbed  by a s p e c i f i c  
t r a n s p o r t  mechanism (R o s e ,1980). Comprehensive rev iew s o f  w a te r  
s o lu b le  v i ta m in  a b s o rp t io n  a r e  p rov ided  by Rose ( I 98O ;I 98 I ) ,  and o n ly  
th e  e s s e n t i a l  p o in t s  need be m entioned h e r e .  I t  a p p e a rs  t h a t  i n
p r im a te s  and the guinea p ig  a b s o rp t io n  o f  th e  L-form o f  a s c o r b ic  a c id
a c ro s s  th e  b rush  b o rd e r  membrane o ccu rs  by s im ple  d i f f u s i o n ,  and a l s o  
by an a c t i v e  t r a n s p o r t  mechanism s im i l a r  to  t h a t  f o r  amino a c i d s  and 
s u g a r s .  Simple d i f f u s i o n  o ccu rs  a t  a slow r a t e  excep t a t  h ig h  lu m in a l  
c o n c e n t r a t i o n s ,  and th e  p resence  o f  an a c t i v e  t r a n s p o r t  mechanism i s  
i n d i c a t e d  by th e  req u ire m en t o f  Na in  th e  b a th in g  medium; by th e  
a b i l i t y  o f  th e  c e l l  to  c o n c e n t r a te  a s c o r b ic  a c id  from m ucosal to  
s e r o s a l  f l u i d ;  and by th e  d e m o n s tra t io n  o f  s a t u r a t i o n  k i n e t i c s  f o r
t r a n s p o r t  o f  a s c o rb ic  a c id  a t  low c o n c e n t r a t i o n s  ( < 6 mM ) .
S a tu r a t io n  k i n e t i c s ,  i n h i b i t i o n  o f  t r a n s p o r t  by m e ta b o lic  i n h i b i t o r s  
and Na f r e e  c o n d i t i o n s ,  and th e  c o n c n e t r a t i n g  a b i l i t y  o f  th e  c e l l  have 
been dem onstra ted  fo r  th iam in  and f o l i c  a c id  (R ose ,1 9 8 0 ;E ilam  ^
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a l . , 1981) ,  i n d i c a t i n g  th e  p resen ce  o f  a c t i v e  t r a n s p o r t  mechanisms f o r  
th e se  v i t a m in s .  Thiamin i s  a l s o  abso rbed  by s im ple  d i f f u s i o n ,  b u t  a t  
lu m in a l  c o n c e n t r a t io n s  above 1.5 uM a c t i v e  t r a n s p o r t  p redom inates. With 
f o l i c  a c i d ,  a second h y p o th e s is  has been proposed to  e x p la in  th e  
s a t u r a b l e  up take o f  po ly g lu tam ic  a c i d .  This i s  th e  ’ac id  m ic ro c l im a te  
h y p o th e s i s ’ . O r ig in a l ly  proposed by Hogben e t  a l .  (1959 ) ,  i t  was based  
on th e  p resen ce  o f  an a c id  m ic ro c l im a te  a t  th e  b rush  b o rd e r ,  so t h a t  
th e  n e u t r a l  s p e c ie s  o f  f o l a t e  which e x i s t s  under th e se  c o n d i t io n s  cou ld  
d i f f u s e  r a p i d l y  a c ro s s  th e  b rush  b o rd e r  membrane. B u t,  a s  th e  
s o l u b i l i t y  l i m i t  i s  reach ed  s a t u r a t i o n  k i n e t i c s  would r e s u l t .  Under Na 
f r e e  c o n d i t io n s ,  th e  a c id  m ic ro c l im a te  would be d i s r u p te d  and t r a n s p o r t  
would be in h ib i te d .  However, t h e r e  i s  a c o n te n t io n  t h a t  th e  
h y p o th e s is  i s  i n v a l i d ,  s in c e  s t u d i e s  d es ig n ed  to  d i s r u p t  th e  a c id  
m ic ro c lim a te  have n o t  shown p r e d ic te d  e f f e c t s  on f o l i c  a c id  a b s o r p t io n  
( R o s e ,1980;1981).
The ileum  i s  th e  main s i t e  o f  v i ta m in  B12 a b s o rp t io n  in  man, though  
some a b s o rp t io n  o ccu rs  in  th e  upper sm all  i n t e s t i n e .  T ra n s p o r t  from 
th e  i n t e s t i n a l  lumen to  th e  g u t  i s  slow  in  man ( about 3 h r s . ) .  This 
c o n s id e r a t io n  and th e  f a c t  t h a t  th e  a b s o r p t iv e  c a p a c i ty  i s  o n ly  
m arg ina lly  h ig h e r  th a n  th e  d a i l y  re q u ire m e n t  ( i . e .  about 2 ug) s u g g e s ts  
t h a t  a s a t u r a b l e  mechanism e x i s t s  (M a tth ew s ,1967). The mechanism o f  
a b s o rp t io n  i s  m ain ly  by an i n t r i n s i c  f a c t o r  ( IF )  dependent mechanism, 
bu t a non-IF dependent mechanism o p e ra te s  a t  h ig h  d o ses  
(M atthews,1967).
I t  i s  u n c le a r  w hether b i o t i n ,  n i c o t i n i c  a c id  o r  r i b o f l a v i n  a r e  ab so rbed  
by s a tu r a b l e  mechanisms ( R o s e ,1980;1981) In  th e  ham pste r ,  b o th  th e  
c o n c e n t r a t in g  a b i l i t y  o f  th e  c e l l  and s a t u r a t i o n  k i n e t i c s  f o r  b i o t i n
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t r a n s p o r t  have been d em o n s tra ted ,  i n d i c a t i n g  t h a t  a t  l e a s t  i n  t h i s  
s p e c ie s  a c t i v e  t r a n s p o r t  o f  b i o t i n  o c c u r s .  R ib o f la v in  a b s o r p t io n  
e x h i b i t s  s a t u r a t i o n  k i n e t i c s  o n ly  a f t e r  a h ig h  o r a l  dose o f  th e  v i ta m in  
( > 10 mg ) .  With n i c o t i n i c  a c i d ,  s t u d i e s  on b u l l f r o g  sm all  i n t e s t i n e  
i n d i c a t e  a s a t u r a b l e  mechanism, b u t  a c t i v e  t r a n s p o r t  o f  n i c o t i n i c  a c id  
has n o t  been dem onstra ted  in  mammalian t i s s u e .
1. 3 .4  E f f e c t s  o f  D ie ta ry  D e f ic i e n c ie s  on I n t e s t i n a l  A bsorp tion
Many n u t r i e n t  -  n u t r i e n t  i n t e r a c t i o n s  e x i s t ,  so t h a t  a d e f i c i e n c y  o f  
one n u t r i e n t  may cause a d e f i c i e n c y  o f  a n o th e r .  One s i t e  where such 
i n t e r a c t i o n s  occur i s  a t  th e  i n t e s t i n a l  e p i th e l iu m .  A c l a s s i c  example 
i s  th e  i n t e r a c t i o n  between ca lc ium  and v i tam in  D. S tu d ie s  i n  humans 
and an im als  have shown t h a t  in  th e  absence  o f  1 ,2 5 - (OH>2 v itam in-D  
calc ium  a b s o rp t io n  i s  im paired  when d i e t a r y  ca lc ium  in ta k e  i s  no rm al.
A d m in is t ra t io n  o f  1 ,2 5 - (OH>2 v i tam in  D removed th e  i n h i b i t i o n  (Wilz e t
a l . , 1979) .  Reduced i n t e s t i n a l  a b s o rp t io n  o f  amino a c id s  has been 
observed in  a s c o rb ic  a c id  d e f i c i e n t  gu in ea  p ig s  (D a llo  e t  a l . , 1981), 
and in  p y r id o x in e  d e f i c i e n t  r a t s  (A sa toor  e t  a l . , 1972), b u t  n o t  in  
th iam in  d e f i c i e n t  r a t s  (Mahmood e t  a l . , 1984). In f o l a t e  d e f i c i e n c y  i t  
ap p ea rs  t h a t  th e  i n t e s t i n a l  a b s o rp t io n  o f  g lu co se  and a s c o r b ic  a c id  i s  
red u ce d .  A nsari  e t  a l .  ( I 98I )  found t h a t  f o l a t e  d e p r iv e d  r a t s  had
decreased  i n - v i t r o  i n t e s t i n a l  up take  o f  l a c t a t e  and g lu c o s e ,  and Lewis
e t  a l .  ( 1982) found t h a t  f o l a t e  d e f i c i e n t  gu inea  p ig s  had d e c re a se d  
a s c o rb ic  a c id  c o n c e n t r a t io n s  i n  l i v e r  and a d re n a l  g la n d s .  This p o in t s  
to  the  p o s s i b i l i t y  o f  reduced  a b s o rp t io n  o f  o th e r  n u t r i e n t s  i n  f o l a t e  
d e f i c i e n c y .  The reduced  g lucose  a b s o rp t io n  no ted  in  f o l a t e  d e f i c i e n c y  
has  n o t  been observed  in  a s c o rb ic  a c id  o r  th iam in  d e f i c i e n c y ;  i n s t e a d  
g lucose  a b s o rp t io n  was found to  be in c re a s e d  (D allo  e t  a l . ,  I 98 I;Hoyumpa
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e t  a l . ,1981 ;Mahmood e t  a l . , 1984). C le a r ly  th e  mechanisms o f  n u t r i e n t  -  
n u t r i e n t  i n t e r a c t i o n s  d i f f e r s  f o r  th e  d i f f e r e n t  n u t r i e n t s ,  and even 
w i th in  th e  same c l a s s  o f  n u t r i e n t s .
Other examples o f  d i e t a r y  d e f i c i e n c y  a f f e c t i n g  i n t e s t i n a l  a b s o rp t io n  
in c lu d e  th e  e f f e c t s  o f  z in c  d e f i c i e n c y  on -water and sodium t r a n s p o r t  
(G h is h a n ,1984); th e  r e d u c t io n  in  ca lc ium  and z in c  up take  in  th iam in  
d e f i c i e n c y ;  and the  im pairm ent i n  v i ta m in  B12 a b s o rp t io n  in  s c o r b u t i c  
g u inea  p ig s  (D a llo  e t  a l . ,1 9 8 1 ) .  I n t e s t i n a l  a b s o rp t io n  i s  a l s o  
a f f e c t e d  by a g e in g ,  b u t  th e  s i t u a t i o n  i s  u n c l e a r .  I n t e s t i n a l  p e r f u s io n  
s tu d ie s  o r  s t u d i e s  employing th e  i n - v i t r o  e v e r te d  g u t  sac  te c h n iq u e  
shows an e f f e c t  o f  age on some, bu t n o t  a l l  n u t r i e n t s  (Bowman & 
Rosenberg , 1981 ; 1983;H o lt  & D om inquez,I98 I ) .
1 . 3 .5  Role o f  F o la te  in  M alabso rp tion  Syndromes and C e l l  
P r o l i f e r a t i o n  in  th e  Small I n t e s t i n e
In  th e  p rece d in g  s e c t io n  i t  was seen  t h a t  d i e t a r y  f o l a t e  d e f i c i e n c y  can 
r e s u l t  i n  d ec re ase d  i n t e s t i n a l  a b s o rp t io n  o f  some n u t r i e n t s .  This  may 
h e lp  to  e x p la in  f in d in g s  o f  f r e q u e n t  a s s o c i a t i o n s  between f o l a t e  
d e f i c i e n c y  and m a la b so rp t io n  syndromes. One such m a la b s o rp t io n  
syndrome i s  t r o p i c a l  s p r u e , which can be d e f in e d  as  " m a la b so rp t io n  o f  
two u n r e la te d  t e s t  su b s ta n c e s  in  th e  absence o f  p a r a s i t i c  o r  
n o n - t r o p i c a l  d i s e a s e "  (Tomkins,1 9 8 1 ) .  In t h i s  c o n d i t io n  amino a c i d ,  
f a t ,  v i ta m in  B12 , and w ater  and e l e c t r o l y t e  a b s o r p t io n  i s  reduced  
(T om kins ,1981) .  F in d in g s  o f  f o l a t e  d e f i c i e n c y  in  th e  d i e t  and in  
mucosal c e l l s ,  and o f  im paired  d i g e s t i o n  and a b s o rp t io n  i n  t r o p i c a l  
sp ru e ,  and th e  f a c t  t h a t  f o l i c  a c id  th e ra p y  improves th e  d i a r r o h e a  o f  
p a t i e n t s  w ith  t r o p i c a l  sp rue i n d i c a t e  t h a t  f o l i c  a c id  d e f i c i e n c y  i s
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in v o lv ed  i n  th e  a e t io lo g y  o f  th e  d i s e a s e  (T om kins ,1979;1981).
Primary f o l a t e  d e f i c i e n c y  l e a d s  to  v i l l o u s  a t ro p h y ,  w ith  a r e d u c t io n  in  
t o t a l  mucosal DNA, RNA and p r o t e i n  c o n te n t ,  o f  i n t e s t i n a l  e p i th e l iu m ,  
and to  i n h i b i t i o n  o f  m i to s i s  i n  th e  c ry p t  (Badcock & Tomkins,1 9 7 8 ) .  
Yet s t u d i e s  show 1 - l e u c i n e , g lu c o se  and x y lo se  a b s o rp t io n  a r e  u n a f f e c te d  
in  t r o p i c a l  s p ru e .  (G oetsch & K l i p s t e i n , 1977). I t  ap p e a rs  t h a t  in  
f o l a t e  d e f i c i e n c y  th e r e  i s  a s low ing  o f  th e  c e l l  m ig ra t io n  t im e  from 
c ry p t  to  th e  v i l l o u s  t i p ,  e n a b l in g  a g r e a t e r  accum ula tion  o f  b ru sh  
b o rd e r  enzymes, in c lu d in g  d i s a c c h a r id a s e s  by th e  e n t e r o c y te s  th a n  would 
o th e rw ise  occur w ith  fewer e p i t h e l i a l  c e l l s  (Badcock & Tomkins,1978; 
T om kins ,1981) .  Hence c a rb o h y d ra te  a b s o rp t io n  i s  unchanged, b u t  because  
n o t  a l l  enzymes a r e  a c q u i re d  by th e  ’hyperm ature c e l l ’ , e g .  sodium 
ATPase, w a te r  and e l e c t r o l y t e  a b s o r p t io n  i s  u n a f f e c te d  (Tom kins, I 98 I ) .
Changes in  morphology and d ec re ase d  c e l l  renew al in  th e  sm all  i n t e s t i n e  
have a l s o  been observed in  o th e r  c o n d i t i o n s .  These in c lu d e  exposure  to  
i o n i s i n g  r a d i a t i o n ,  c y to to x ic  d ru g s ,  s t a r v a t i o n ,  and g e rm -f ree  b re e d in g  
o f  r a t s ,  and age ing  (Bowman & Rosenberg, 1983 ; Creamer, 1967). I t  i s  
u n c le a r  w hether abnormal c e l l  renew al o ccu rs  i n  v i ta m in  A d e f i c i e n c y :  
Z i l e  e t  a l .  (1981) found no s i g n i f i c a n t  d i f f e r e n c e  in  m i t o s i s  and 
h i s t o l o g i c a l  appearance o f  th e  jejunum in  m arg in a l  v i ta m in  A d e f i c i e n c y  
in  r a t s .  However, some w orkers  have observed  abnormal m i t o s i s  i n  
v i ta m in  A d e f i c i e n t  r a t s  ( Z i l e  e t  a l . , 1981). In fo rm a t io n  on c e l l  
p r o l i f e r a t i o n  i n  o th e r  v i ta m in  d e f i c i e n c i e s  i s  l a c k in g ,  b u t  changes in  
b ru s h -b o rd e r  enzyme com position  have been observed  in  some v i ta m in  
d e f i c i e n c i e s  (D a llo  e t  a l . , I 98 I ) .
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1 .4  Purpose o f  th e  S tu d ie s
From th e  rev iew  o f  th e  l i t e r a t u r e ,  i t  was e v id e n t  t h a t  v i t a m in ,  m in e ra l  
and try p to p h an  s t a t u s  may be im p o r ta n t  to  neu r o t r a n s m i t t e r  m e tabo lism  
and b r a in  fu n c t io n  in  s e n i l e  dem entia  and d e p r e s s io n .  However, no 
s tu d y  cou ld  be found which i n v e s t i g a t e d  th e  n u t r i t i o n a l  s t a t u s  w ith  
r e s p e c t  to  th e se  n u t r i e n t s  in  th e  same s u b j e c t s .  In v iew  o f  t h i s ,  th e  
b io ch em ica l  and d i e t a r y  s t a t u s  o f  v i t a m i n s ,m in e r a l s ,  and t ry p to p h a n  in  
p a t i e n t s  w ith  s e n i l e  dem entia  and in  p a t i e n t s  w ith  d e p re s s io n  were 
i n v e s t i g a t e d .  P aram eters  a f f e c t i n g  try p to p h a n  s t a t u s  were a l s o  
de term ined  in  o rd e r  to  e x p lo re ,  more f u l l y ,  th e  a s s o c i a t i o n  between 
t ry p to p h a n  s t a t u s  and the  p s y c h o t ic  d i s o r d e r s .  To f u r t h e r  e x p lo re  th e  
involvem ent o f  n u t r i t i o n  in  s e n i l e  dem en tia ,  s t u d i e s  were a l s o  
performed to  t e s t  th e  p sy c h o lo g ic a l  and b iochem ica l  re sp o n se  to  v i ta m in  
su p p lem en ta t io n  in  p a t i e n t s  w ith  s e n i l e  dem entia  and in  p a t i e n t s  w ith  
phase-one  dem en tia .
The n u t r i t i o n a l  s t a t u s  o f  P a r t  111 accommodation r e s i d e n t s  was a l s o  
in v e s t ig a t e d  to  a s s e s s  w hether t h i s  s e c t i o n  o f  th e  e l d e r l y  i s  
v u ln e ra b le  to  d eve lop ing  v itam in  d e f i c i e n c i e s .
F i n a l l y ,  i n t e s t i n a l  a b s o rp t io n  was s t u d i e s  ’ i n - v i t r o ’ in  f o l a t e  
d e f i c i e n t  r a t s  in  o rd e r  to  i n v e s t i g a t e  i t s  e f f e c t s  on t r y p to p h a n ,  
a s c o r b ic  a c id ,  and g lu co se  t r a n s p o r t .  The e f f e c t s  o f  f o l a t e  d e f i c i e n c y  
on th e  m i t o t i c  r a t e  and h i s to lo g y  o f  th e  sm all  i n t e s t i n e  i n  th e  same 
an im als  was a l s o  s tu d ie d .
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2 .1  B iochem ical methods f o r  assessm en t o f  n u t r i t i o n a l  s t a t u s  
I n t r o d u c t io n
N u t r i t i o n a l  d e f i c i e n c i e s ,  e s p e c i a l l y  in  th e  case  o f  th e  v i t a m in s ,  were 
d is c o v e re d  and d e s c r ib e d  by e m p i r ic a l  o b s e r v a t io n s .  Persons cou ld  o n ly  
be d iagnosed  as s u f f e r i n g  from a s p e c i f i c  d e f i c i e n c y  i f  th e y  showed a l l  
th e  symptoms o f  c h ro n ic  d e f i c i e n c y .  E a r ly  c l i n i c a l  f e a t u r e s  o f  a 
v i ta m in  d e f i c i e n c y  have been d e s c r ib e d ,  b u t  such f e a t u r e s  a r e  u s u a l l y  
vague and o b sc u re .  Unless s p e c i f i c a l l y  looked f o r  in  th e  c l i n i c a l  
exam inaton, th e s e  s ig n s  can go u n n o ticed  and th e  p a t i e n t  can th e n  go on 
to  develop  o v e r t  s ig n s  o f  a d e f i c i e n c y  d i s e a s e .  C le a r ly ,  t h i s  
s i t u a t i o n  i s  u n s a t i s f a c t o r y  and b iochem ica l  t e s t s  have been developed  
to  a s s e s s  a p e r s o n ’ s n u t r i t i o n a l  s t a t u s ,  th e re b y  s u p p ly in g  v a lu a b le  
in fo rm a t io n  to  th e  d i a g n o s t i t i a n .  Today, numerous m ethods- ch em ica l ,  
p h y s io -c h e m ic a l ,  b ioch em ica l  and p h y s i o l o g i c a l - e x i s t s  to  a s s e s s  
n u t r i t i o n a l  s t a t u s  w ith  r e s p e c t  to  a p a r t i c u l a r  v i ta m in  o r  n u t r i e n t .  
Each method has i t s  own p a r t i c u l a r  f e a t u r e s  w ith  r e s p e c t  to  th e  
s e n s i t i v i t y ,  i n t e r f e r e n c e  from o th e r  s u b s ta n c e s ,  com plex ity  and so on .
The b iochem ica l  methods adopted  in  t h i s  s tu d y  have had to  s a t i s f y  
c e r t a i n  c r i t e r i a .  These a r e : -
a) Accuracy and s e n s i t i v i t y .
b) S u i t a b i l i t y  f o r  r o u t i n e  a n a l y s i s .
c) S u f f i c i e n t l y  used by o th e r  w orkers  to  a l lo w  com parison o f  r e s u l t s .
d) C ost,
though n o t  n e c e s s a r i l y  in  th e  above o r d e r .
These methods a r e  d e s c r ib e d  b r i e f l y ,  fo l lo w in g  a c o n c ise  a c c o u n t  o f
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t h e i r  r e l a t i v e  m e r i t s  and v a l i d i t y  and th e  o th e r  p r i n c i p a l  methods 
a v a i l a b l e .
2 .1 .1  Vitamin C
The te c h n iq u e s  a v a i l a b l e  f o r  a s s a y in g  v i ta m in  C s t a t u s  a r e  numerous 
(Schorah , 1981). Some im p o r ta n t  p o in t s  w i l l  be m en tioned . The 
b i o l o g i c a l l y  a c t i v e  forms o f  v i ta m in  C a r e  a s c o r b ic  a c id  
( 1 -x y lo a s c o rb ic  acid,AA) and i t s  f i r s t  o x id a t io n  p ro d u c t
d eh y d ro asco rb ic  a c id  (dehydro AA). Any u s e f u l  method f o r  a s s e s s i n g  
v i tam in  C s t a t u s  must t h e r e f o r e  a s s a y  bo th  th e s e  two re d u c in g  
s u b s ta n c e s .  Methods in  use employ two d i f f e r e n t  t e c h n iq u e s .  The 
f i r s t ,  o r i g i n a l l y  d e s c r ib e d  by Roe & K uether (1943),  i s  based  on th e  
fo rm a tio n  o f  an osazone by c o n d en sa t io n  o f  AA and dehydro AA w i th  th e  
dye 2 ,4 -  d in i t ro p h e n y h y d ra z in e  (2,4-DNPH), and the  c o lo u r  developed  by 
t r e a t i n g  w ith  s u lp h u r ic  a c i d .  The second te ch n iq u e  employs th e  
i n d i c a t o r  2 , 6 -d ich lo ro in d o p h en o l  which o x id iz e s  AA to  dehydro AA 
(H a r r i s  & R oy ,1935; B e s s e y ,1938). Each te c h n iq u e  s u f f e r s  from i t s  own 
draw backs. The former n o t  on ly  m easures AA and dehydro AA, b u t  a l s o  
th e  b i o l o g i c a l l y  i n a c t i v e  o x id a t io n  p roduc t o f  1-dehydro  AA, 
d ik e to g u lo n ic  a c id ;  w h i l s t  th e  l a t t e r  method does n o t  measure th e  
b i o l o g i c a l l y  im p o r tan t  compound dehydro AA and i s  r e l a t i v e l y  
n o n - s p e c i f i c  as  indophenol i s  s u s c e p t i b l e  to  o th e r  re d u c in g  a g e n t s .  
The s p e c i f i c i t y  o f  th e  indopheno l method has been improved 
(H ughes ,1964; Howard & C o n s t a b l e ,1966), by c a r e f u l l y  c o n t r o l l i n g  th e  
PH and r e a c t i o n  t im e s .  Though t h i s  method i s  most s p e c i f i c  f o r  AA, th e  
2,4-DNPH method i s  more s e n s i t i v e  and i s  recommended f o r  use i n  s t u d i e s  
where low l e v e l s  o f  v i ta m in  C a r e  to  be measured ( S c h o r a h ,1981). An 
autom ated method e x i s t s  f o r  measurement o f  plasma and whole b lood  AA
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(Garry e t  a l . , 1974). A lso , w ith  th e  in t r o d u c t i o n  o f  h ig h  perfo rm ance  
l i q u i d  chromatography and i t s  p r o g r e s s iv e  p o p u la r i t y  a s  an ’ a n a l y t i c a l  
g i a n t ’ , i t  i s  n o t  s u r p r i s i n g  t h a t  today  v i ta m in  C can a l s o  be measured 
by HPLC (Tsao & S a l i m i , 1981). This method can a c c u r a t e l y  e s t im a te  a s  
l i t t l e  a s  10ng/5ul AA i n  serum or p lasm a. However, i f  i t  i s  to  be used 
as a r o u t in e  in s t ru m e n t  th e n  c o n t in u a l  a c c e s s  to  an HPLC in s t ru m e n t  i s  
e s s e n t i a l ,  and an HPLC in s t ru m e n t  i s  a l s o  v e ry  c o s t l y .
The method adopted in  t h i s  s tu d y  was a s l i g h t  m o d i f ic a t io n  o f  t h a t  o f  
Denson & Bowers (1961 ) ,  a c o l o r i m e t r i c  method employing 2,4-DNPH t h a t  
i s  s u i t a b l e  f o r  measurement o f  ’ t o t a l  AA' in  th e  plasma and b u f fy  
l a y e r .
A volume o f  0 .5  ml plasma was t r a n s f e r r e d  in t o  p o ly s ty r e n e  tu b e
c o n ta in in g  5 % t r i c h l o r o a c e t i c  a c id  s o l u t i o n .  The tube  was c e n t r i f u g e d
0
and the  s u p e rn a ta n t  removed and s to r e d  a t  -20 C u n t i l  read y  f o r  a s s a y .
Buffy  l a y e r  was o b ta in e d  as f o l l o w s : -  2 .5  ml f r e s h  whole b lood  was
t r a n s f e r r e d  in t o  a t e s t  tu b e  c o n ta in in g  12 .5  ml. D extraven s a l i n e
s o l u t i o n .  The tube  was e v e r te d  2 o r  3 t im es  and allow ed to  s ta n d  u n t i l
th e  red  c e l l s  had s e t t l e d  (app rox .  45 m in . ) .  The s u p e r n a ta n t  was
removed and p la ced  in  a second t e s t  tu b e .  This was mixed by g e n t l e
e v e r s io n  and 10 ml. o f  t h i s  su sp e n s io n  t r a n s f e r r e d  to  a p l a s t i c  tu b e ,
c e n t r i f u g e d  a t  2700 r .p .m .  f o r  10 min and th e  s u p e rn a ta n t  d i s c a r d e d .
The tu b e  was e v e r te d  over a mat o f  f i l t e r  paper to  d r a in  and 1 m l. o f
t r i c h l o r o a c e t i c  a c id  (5 % TCA) added and th e  b u f fy  l a y e r  s u sp e n s io n
0
s to r e d  a t  -20  C u n t i l  read y  f o r  a s s a y .  The r e s t  o f  th e  b u f fy  l a y e r  
su sp en s io n  was used  fo r  th e  w h ite  c e l l  coun t (performed by p e r s o n n e l  a t  
C a r d i f f ) .  On th e  day o f  th e  a s s a y ,  th e  b u f fy  la y e r  s u sp e n s io n  was 
homogenized fo r  30 s e c s ,  and th e  su sp e n s io n  t r a n s f e r r e d  to  a sm a l l
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p o ly s ty re n e  tu b e .  A second 1 ml. o f  th e  5/5 TCA was added and th e  
homogenizing tube  and rod r in s e d  w ith  t h i s  second a l i q u o t .  This was 
th en  t r a n s f e r r e d  to  th e  same p o ly s ty re n e  tu b e .  The ' t o t a l  AA' in  th e  
b u f f y la y e r  su sp en s io n  and plasma was th e n  de term ined  e x a c t ly  a s
d e s c r ib e d  by Denson & Bowers (1961 ) .  I t  i s  im p o r ta n t  t h a t  th e  b u f fy  
la y e r  be s e p a ra te d  as  soon as  p o s s i b l e  from th e  blood because  le a k a g e  
can occur from le u c o c y te s  to  plasma (Denson & Bowers,1961 ).
A r e f in e d  method e x i s t s  f o r  measurement o f  ’ t o t a l  AA’ in  p lasm a and 
b u f fy  l a y e r ,  employing h ig h e r  in c u b a t io n  te m p era tu re  f o r  a s h o r t e r  
p e r io d  ( P e l l e t i e r ,  1968). However, i t  has been su g g e s te d  t h a t
a s c o rb a te  s u lp h a te  forms under th e s e  c o n d i t io n s  and i n t e r f e r e s  w ith  th e  
a s s a y  (Baker e t  a l . ,1 973 ).
2 . 1 .2  Thiamin, R ib o f la v in  and V itam in B6.
” As v i ta m in s  a r e  o f t e n  m e ta b o l i s e d  to  c o f a c to r s  which can 
d i r e c t l y  a f f e c t  enzymic a c t i v i t y ,  an e s t im a t io n  o f  t o t a l  
v i tam in  c o n c e n t r a t io n  may n o t  r e f l e c t  th e  a b i l i t y  o f  t h a t  
v i ta m in  to  c a r r y  out i t s  b i o l o g i c a l  f u n c t i o n ” . (S c h o ra h ,1981 ) .
Thiamin, r i b o f l a v i n  and v i ta m in  B6 s e rv e  t h e i r  b i o l o g i c a l  f u n c t i o n s  by 
a c t in g  as coenzymes f o r  s p e c i f i c  enzymic r e a c t i o n s  , so  t h a t  
measurement o f  th e  a p p r o p r ia t e  enzyme g iv e s  in fo rm a t io n  a s  t o  th e  
b i o l o g i c a l  a c t i v i t y  o f  th e  v i ta m in  conce rned .  The measurement o f  th e  
a c t i v i t i e s  o f  th e  enzymes t r a n s k e t o l a s e  (E.C. 2 . 2 .1 . 1 ,  TK),
g lu t a th i o n e  re d u c ta s e  (E.C. 1 .6 .4 .2 ,  GR), and e i t h e r  a l a n in e  amino­
t r a n s f e r a s e  (E.C. 2 . 6 .1 . 2 ,  ALT) o r  a s p a r t a t e  a m in o t r a n s f e r a s e  (E .C .
2 . 6 . 1 . 1 , AST) in  e r y th r o c y te s  have been used to  a s s e s s  th i a m in .
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r i b o f l a v i n  and v i ta m in  B6 s t a t u s  r e s p e c t i v e l y .
A s im p l i f i e d  m ic ro assa y  o f  TK in  whole b lood has been d e s c r ib e d  (Basu 
e t  a l . , 1974), t h a t  r e q i r e s  o n ly  50 u l  o f  b lo o d ,  a s  can be o b ta in e d  from 
a s i n g l e  f in g e r  p r i c k .  This method i s  e s p e c i a l l y  s u i t a b l e  f o r  c h i ld r e n  
a s  o n ly  a v e ry  sm all  volume o f  b lood i s  r e q u i r e d .  However, 
e r y th r o c y te s  have been more e x t e n s i v e ly  used as th e y  ap p ea r  to  be th e  
f i r s t  t i s s u e  a f f e c t e d  by v i ta m in  d e p l e t i o n  (G la tz le  e t  a l . , 1 9 7 3 ) » 
Methods employing th e se  enzymes measure th e  a c t i v a t i o n  c o e f f i c i e n t ,  i . e  
th e  r a t i o  o f  enzyme a c t i v i t y  o f  th e  enzyme in  th e  p re sen ce  o f  and in  
th e  absence o f  added c o - f a c t o r .  The a c t i v a t i o n  c o e f f i c i e n t s  (%)  a r e  
in v e r s e l y  r e l a t e d  to  th e  v i ta m in  c o n c e n t r a t i o n  (G la tz le  e t  a l . , 1968; 
Raican  & S a u b e r l ic h ,  1964). F a c to r s  t h a t  a f f e c t  th e  enzyme a s s a y s  and 
i n t e r f e r e  w ith  th e  enzyme a c t i v i t i e s ,  such a s  a g e ,  s t a b i l i t y  and drug 
in f lu e n c e  have been d i s c u s s e d  r e c e n t l y  by Thurnham (1 9 8 1 ) .  AST i s
reg a rd ed  as  th e  more s e n s i t i v e  index  o f  v i tam in  B6 s t a t u s ,  s i n c e  th e
/
change o f  a c t i v a t i o n  c o e f f i c i e n t  on d e p l e t io n  i s  g r e a t e r  (Ginnamoh & 
Beaton, 1970; Woodring & S t o r v i c k , 1970). Also ALT i s  l e s s  s t a b l e  on 
s to r a g e  (Rose e t  a l . ,1973 ),  ap p e a rs  to  have lower a c t i v i t y  i n  women and 
d e c l in e s  w ith  ag e .
The method o f  Bayoumi & R osalk i (1976) was adopted  f o r  a s s e s s i n g  s t a t u s  
w ith  r e s p e c t  to  th ia m in ,  r i b o f l a v i n ,  and v i tam in  B6. This i s  an 
o p tim ised  method and g iv e s  h ig h e r  p e rc e n ta g e  a c t i v a t i o n  c o e f f i c i e n t s  
f o r  th e  enzymes TK, GR and AST r e s p e c t i v e l y  th an  e a r l i e r  methods 
(Bayoumi & R o sa lk i ,  1976). Optim ised c o n d i t io n s  employed d i f f e r e n t  
s u b s t r a t e  c o n c e n t r a t i o n ,  coenzyme c o n c e n t r a t i o n ,  i n c u b a t io n  
te m p e ra tu re ,  e t c .  Bayoumi & R osa lk i (1976 ) ,  r e p o r t e d  t h a t  th e  
p e rc e n ta g e  a c t i v a t i o n  c o e f f i c i e n t  f o r  TK d ec reased  by h a l f  , w hereas
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p e rc e n ta g e  a c t i v a t i o n  f o r  GR and AST showed minimal change a f t e r  two 
weeks o f  s to r a g e  a t  -2 0 ° C. Smeets e t  a l .  (1971) r e p o r te d  t h a t  TK was 
s t a b l e  f o r  up to  4 weeks a t  -20° C. Because o f  th e  a p p a re n t  
c o n t r a d i c t i o n  f o r  s t a b i l i t y  o f  TK, i t  was dec ided  to  i n v e s t i g a t e  th e  
e f f e c t  o f  s to r a g e  tim e on th e  s t a b i l i t y  o f  TK i n  e r y th r o c y te s .  R e s u l t s  
a r e  shown in  Table 2 .1 .
Table 2.1 E f f e c t  o f  s to r a g e tim e on t r a n s k e t o l a s e a c t i v i t y
Mean A c t i v i ty  
(n=5 )
w ithou t TPP w ith  TPF
Mean % 
A c t iv a t io n
E ry th ro c y te  s to r e d  f ro zen  
a t  -20° C f o r  2 days 0.285 0.336 18. 1
E ry th ro c y te  s to r e d  f ro zen  
a t  -20°  C f o r  1 week 0.247 0.289 17 .0
E ry th ro c y te  s to r e d  f ro zen  
a t  -20°  C f o r  4 weeks 0.235 0.265 12.8
Change in  a c t i v i t y  o r  
a c t i v a t i o n  a f t e r  4 weeks 
{%)  change.
17.5 21.1 2 9 .0
S to rag e  over two weeks caused th e  a c t i v i t i e s  o f  th e  h a lo  and apoenzymes 
to  d e c re a se ,  and the  % a c t i v a t i o n  d e c re a se d  by 20 % over two weeks and 
by 29 /5 over fo u r  w eeks. As th e  s to r a g e  tim e  was a p p ro x im a te ly  th e
same f o r  a l l  samples (and l e s s  th a n  3 w eeks) ,  th e  e f f e c t  o f  s to r a g e  was 
e f f e c t i v e l y  removed.
2 .1 .3  F o la te  in  serum and whole b lood
C o n c e n t ra t io n s  o f  f o l a t e  in  blood can be measured m i c r o b io l o g ic a l l y ,  by 
r a d io a s s a y  o r  by HPLC. The most commonly employed m ic r o b io lo g ic a l  
method (Cooperman,1967), u se s  L a c to b a c i l lu s  c a s e i .  Growth o f  t h i s
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b ac te r ium  depends on th e  p resen ce  o f  f o l a t e .  The t u r b i d i t y  produced 
can be m easured, and from a s ta n d a rd  cu rve  th e  c o n c e n t r a t i o n  o f  f o l i c  
a c id  can be determ ined  f o r  an unknown sample o f  b lo o d .  M ic ro b io lo g ic a l  
assays  s u f f e r  from the  d is a d v a n ta g e  t h a t  i t  t a k e s  3 days to  com plete  
th e  a n a l y s i s  (Shaw e t  a l . , 1974). The r a d io a s s a y  method i s  an a c c u r a te  
and f a s t e r  method (T ajudd in  & G o rd y n a ,1973)> and can be com pleted 
w i th in  a day . This method depends on th e  c o m p e t i t iv e  b in d in g  o f  f o l a t e  
in  serum or whole blood and [ 1 -1 2 5 ] - f o l a t e  f o r  s i t e s  on a f o l a t e
b in d in g  p r o t e i n .  Shaw (1974) compared v a lu e s  o b ta in e d  by th e  two
methods and found a p o s i t i v e  c o r r e l a t i o n  ( r= 0 .5 4 )  between th e  v a lu e s  
o b ta in e d  f o r  th e  same sam ples ,  when th e  same s ta n d a r d ,  N-methyl
t e t r a h y d r o f o l a t e  ( N-FH4 ) ,  was used f o r  b o th  m ethods. I t  i s  im p o r ta n t  
t h a t  th e  same s ta n d a rd  be used when comparing th e  r e l a t i v e  perfo rm ances  
o f  th e  two m ethods, a s  Shaw (1974) found t h a t  th e  mean m olar  N-methyl 
FH4v a lue  was ap p ro x im a te ly  3 t im es  th e  mean m olar serum p o ly g lu ta m a te  
(PGA) value  when s e r a  was a n a ly se d  by L .C ase i b io a s s a y  w ith  N-methly FH^  
and PGA as  s t a n d a r d s .  An HPLC method has been d e s c r ib e d  f o r  
measurement o f  N-methyl FH^in plasma and s p in a l  f l u i d  (Lankelma e t  a l . ,
1980 ) .
In t h i s  s tu d y ,  ’ t o t a l  f o l a t e ’ ( in c lu d in g  th e  v a r io u s  coenzyme
d e r i v a t i v e s  o f  5 , 6 , 7 , 8-FH4 ,and th e  m ajor s to r a g e  and c i r c u l a t i n g  form 
in  man, N - F H 4 )  was measured by r a d io a s s a y  u s in g  a k i t  s u p p l ie d  by 
Amersham I n t e r n a t i o n a l  L td .  At th e  s t a r t  o f  th e  i n v e s t i g a t i o n ,  th e  k i t  
s u p p l ie d  was a s i n g l e  r a d io a s s a y  k i t  f o r  a s s a y  o f  t o t a l  f o l a t e  o n ly  i n  
serum. However, d u r in g  th e  cou rse  o f  th e  s tu d y ,  Amersham r e lp a c e d  t h i s  
k i t  w ith  a ’ dual r a d io a s s a y ’ k i t  f o r  measurement o f  t o t a l  f o l a t e  and 
v i ta m in  B12. I t  was im p o ss ib le  to  v a l i d a t e  th e  r e l a t i v e  perform ance o f  
th e  two k i t s ,  s in c e  th e  m a n u fa c tu re rs  gave no p r i o r  w arning o f  i t s
63
i n t e n t i o n s .  However, s in c e  bo th  ’ new’ and ’ o l d ’ k i t s  u t i l i z e d  the  
f o l a t e  b in d in g  p r o t e i n ( s )  o f  p o rc in e  serum and gave s i m i l a r  r e f e r e n c e  
v a lu e s  f o r  i n d i c a t i o n  o f  d e f i c i e n c y  s t a t e s ,  a c c o rd in g  to  th e  
m a n u fa c tu re r s ,  d e s p i t e  employing d i f f e r e n t  a s s a y  c o n d i t i o n s ,  t h e r e  was 
s u f f i c i e n t  rea so n  to  s u s p e c t  t h a t  no s e r io u s  m e th o d o lo g ica l  e r r o r s  were 
in t ro d u c e d  by sw itch in g  over to  th e  ’ new k i t ’ (Amersham code no. 
CT.3O I). Serum f o l a t e  competes w ith  [1 -1 2 5 ] - f o l a t e  f o r  s i t e s  on a 
f o l a t e  b in d in g  p r o t e i n  and serum v i ta m in  B12 competes w ith  
[C o -5 7 ]-v ita m in  B12 f o r  s i t e s  on p u r i f i e d  i n t r i n s i c  f a c t o r .  P r io r  to  
a s s a y ,  v i tam in  B12 and f o l a t e  were r e l e a s e d  from t h e i r  r e s p e c t i v e  serum 
b in d in g  p r o t e i n s  by mixing w ith  t r a c e r  and in c u b a t in g  w ith  a 
d é n a tu r a t io n  re a g e n t  in  th e  p re sen ce  o f  po tass ium  cyan ide  a t  Ph 
12 .8 -1 3 . 0  f o r  15 min. Fo llow ing  d é n a t u r a t i o n ,  th e  sam ples were 
in c u b a te d  a t  Ph 9 .5  f o r  15 min. a t  21°C w ith  a s o l u t i o n  c o n ta in in g  
p u r i f i e d  hog i n t r i n s i c  f a c t o r  and f o l a t e  b in d in g  p r o t e i n .  The p r o t e i n  
bound f r a c t i o n  was adsorbed  on co a te d  c h a rc o a l  over a 15 min. p e r io d  
a t  21°C, and fo l lo w in g  c e n t r i f u g a t i o n  a t  I 8OO g f o r  10 min. , th e  
s u p e rn a ta n t  was decan ted  and th e  r a d i o a c t i v i t y  o f  th e  c h a rc o a l  p e l l e t  
counted  on an LKB multigamma in s t ru m e n t  t h a t  was s u i t a b l e  f o r  
d i s c r im in a t in g  between [Co-57] and [1 -1 2 5 ] .  The s p i l l o v e r  f o r  each  
i s o to p e  was ensured  to  be l e s s  th a n  3 % when 50 u l  a l i q u o t s  o f  th e  
[1 -1 2 5 ] - f o l a t e  and [C o -5 7 ]-v ita m in  B12 t r a c e r s  were u sed .  E ry th ro c y te  
f o l a t e  c o n c e n t r a t io n s  were c a l c u l a t e d  from whole b lood and serum 
c o n c e n t r a t i o n s .
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2 . 1 .4  Serum I n s u l in
I n s u l i n  i s  c o n v e n ie n t ly  measured by radioim m unoassay, and t h i s  was th e  
method adopted  in  th e  s tu d y .  I n i t i a l l y ,  a radioim m unoassay k i t  ( 
Amersham I n t e r n a t i o n a l  L td . )  was employed. I t  was found t h a t  r e p e a t  
d e te rm in a t io n s  o f t e n  had to  be done because  o f  poor perform ance o f  th e  
a s s a y  from day to  day. Table 2 .2  shows th e  w i th in  b a tc h  c o e f f i c i e n t  o f  
v a r i a t i o n  f o r  d u p l i c a t e s  done on 3 s e p a r a t e  o c c a s io n s .  Because o f  th e  
day to  day f l u c t u a t i o n s ,  th e  method developed by th e  C in ic a l  
B iochem is try  D epartm ent, U n iv e r s i ty  o f  S u rrey ,  employing a doub le  
a n t i -b o d y  te c h n iq u e  (Midgley e t  a l . , 1969) was ad o p ted .  D e ta i l s  o f  th e  
method a re  g iven  in  Appendix 1.
Table 2 .2  W ith in -b a tc h c o e f f i c i e n t  o f  v a r i a t i o n  f o r  i n s u l i n  a s s a y
C o e f f i c i e n t  o f  v a r i a t i o n  (n=20)
Batch 1 23 .4
Batch 2 15.5
Batch 3 67.5
2 . 1 .5  Serum V itam in A
V itamin A ( r e t i n o l ) ,  can be measured by chem ical methods in v o lv in g  
hyd ro g en a t io n  (C arr  & P r i c e , 1926) o r  chrom atographic  s e p a r a t i o n  ( F i s h e r  
e t  a l . ) 1964). These methods a r e  u s u a l l y  expens ive  and tim e consuming 
and th e  r e l a t i v e l y  more s im ple  f l u o r o m e tr ic  a s say s  a r e  p r e f e r r e d  and 
indeed  used more commonly in  c l i n i c a l  c h e m is try  l a b o r a t o r i e s .  Hansen & 
Warwick (1968) and Drujan e t  a l . (1968 ) ,  d e s c r ib e d  f lu o r o m e t r i c
p ro ced u res  f o r  measurement o f  r e t i n o l  t h a t  was s u i t a b l e  f o r  r o u t i n e  
u se .  The p r i n c i p l e  o f  th e  method i s  th e  e x t r a c t i o n  o f  r e t i n o l  in
65
cyclohexane a f t e r  th e  p r e c i p i t a t i o n  o f  serum p r o t e i n  w ith  e t h a n o l .  The 
f lu o re s c e n c e  o f  r e t i n o l  could  th en  be measured u s in g  an e x c i t a t i o n  
w avelength  o f  340 nm. and an em iss io n  o f  480 nm. L a te r ,  i n  1969, 
Hansen & Warwick d e s c r ib e d  a dua l  f lu o r o m e t r ic  micromethod f o r  serum 
r e t i n o l  and v i ta m in  E. C h o le s t e r o l ,  c a ro te n e ,  v i ta m in  E, and 
c a l c i f e r o l  were shown n o t  to  i n t e r f e r e  w ith  th e  v i ta m in  A d e te rm in a t io n  
(Hansen & Warwick, 1969). The a u th o r  a l s o  r e p o r te d  good 
r e p r o d u c i b i l i t y  f o r  m u l t ip l e  d e te rm in a t io n s  on a s i n g l e  pooled  serum 
sample ( c o e f f i c i e n t  o f  v a r i a t i o n  = 2 .3  %) and r e c o v e r i e s  o f  between
9 4 .5  and 106 % f o r  sp iked  s e r a .  In 1973, Van S tev en in ck  & De Goeij
found t h a t  B -ca ro ten e  c o n s id e ra b ly  a b s o rb s  a t  490 nm., th e  em iss io n  
maxima o f  v i t  A, and th e re b y  i n t e r f e r e d  w ith  th e  f lu o r o m e t r ic  a s s a y  o f  
r e t i n o l .  To remove t h i s  i n t e r f e r e n c e ,  S teven inck  & De G oeij (1 9 7 3 ) ,  
proposed  m easuring  th e  f lu o re s c e n c e  a t  550 nm., u s in g  th e  same 
e x c i t a t i o n  w avelength  o f  440 nm. Under th e se  c o n d i t i o n s ,  r e t i n o l  
f lu o re s c e n c e  i s  30 % l e s s  a s  compared to  th e  f lu o re s c e n c e  a t  490 nm .,
b u t  a s  B -ca ro ten e  does n o t  show a b s o r b t io n  a t  550 nm ., t h e r e  i s  no 
i n t e r f e r e n c e  by even h ig h  B -ca ro ten e  c o n c e n t r a t i o n s  a t  t h i s  w aveleng th  
(S tev en in ck  & De G o e ij ,  1973).
The method adopted  in  t h i s  s tu d y  was based on th e  method o f  Hansen & 
Warwick, 1969) w ith  th e  m o d i f ic a t io n  su g g es ted  by Van S tev e n in ck  & De 
G o e ij ,  1973). D e ta i l s  a r e  g iven  in  Appendix 2. There i s  a l i n e a r  
r e l a t i o n s h i p  between f lu o re s c e n c e  and r e t i n o l  c o n c e n t r a t i o n  ( F ig .  
2 . 1).
2 .1 .6  N -M ethyln ico tinam ide in  u r in e
Many p ro ced u res  and m o d i f ic a t io n s  e x i s t  f o r  measurement o f  N-methyl
F i g .  2 . 1
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n ic o t in am id e  in  u r i n e .  The r e l a t i v e  m e r i t s  o f  th e s e  methods have been 
d is c u s s e d  by Gyorgy & Pearson  (1967) .  The method used in  t h i s  s tu d y  i s  
a m o d i f ic a t io n  o f  th e  methods o f  Huff & P erlzw e ig  (1947) and C arp en te r  
& Kodicek (1950 ) ,  and d e s c r ib e d  by Gyorgy & Pearson  (1967 ) .
U rines  to  be measured were f i l t e r e d  and th e  p ro to c o l  shown in  Appendix
2 .4  ad o p ted .  The io d id e  s a l t  o f  NMN (Sigma grade) was used as  s ta n d a rd  
and c a l c u l a t i o n s  were based  on NMN e q u i v a l e n t s .  An H i ta c h i -  
P erk in -E lm er MPF3 s p e c t ro p h o to f lu o ro m e te r  was used to  measure th e  
f lu o r e s c e n c e ,  and th e  method gave c o n s i s t e n t  r e s u l t s .  A t y p i c a l  
s ta n d a rd  cu rve  i s  shown in  F ig .  2 .2 .
2 .1 .7  Z inc , Copper, Magnesium and Calcium
Atomic a b s o rp t io n  i s  th e  most w ide ly  used method f o r  d e te rm in a t io n  o f  
th e  t r a c e  m e ta l s ,  magnesium, i r o n ,  co p p er ,  z i n c ,  l i t h iu m  and l e a d ,  and 
r e q u i r e s  minimum sample p r e p a r a t i o n ,  and is p r e c i s e ,  r a p id  and 
co n v en ien t  f o r  r o u t i n e  a n a l y s i s  (D e lv es ,  1973). Calcium i s  u s u a l l y  
measured in  c l i n i c a l  ch e m is try  l a b o r a t o r i e s  by autom ated m ethods. 
However, calc ium  can a l s o  be measured c o n v e n ie n t ly  by atom ic a b s o r p t io n  
sp ec tro p h o to m e try ,  and t h i s  was th e  method adopted in  t h i s  s tu d y  f o r  
measurement o f  th e  m a c r o c o n s t i tu e n ts ,  magnesium and ca lc iu m , and th e  
t r a c e  e lem en ts  z in c  and copper .  (Robens I n s t i t u t e  o f  Environm enta l 
H ealth  and S a fe ty ,  U n iv e r s i ty  o f  S u r r e y ) . The method p r o to c o l  i s  shown 
in  Appendix 3 ) .
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2 . 1 .8  Plasma t o t a l  & f r e e  t ry p to p h a n ,  n o n e s t e r i f i e d  f a t t y  a c id s , a n d  
a lbum in; u r i n a r y  c r e a t i n i n e
These were de term ined  by p e rso n n e l  a t  W hitchurch H o s p i ta l ,  C a r d i f f .
T o ta l  try p to p h an  was measured by th e  method o f  Denckla & Dewey (1 9 7 1 ) ,
0
and f r e e  try p to p h a n  was measured a t  37 C by th e  u l t r a f i l t r a t i o n  method 
d e s c r ib e d  by R ile y  & Shaw (1981) .  The c o n c e n t r a t io n  o f  a lbum in in  
plasma was determ ined  by ro c k e t  e l e c t r o p h o r e s i s  ( L a u r e l l ,  1966), and 
t h a t  o f  n o n - e s t e r i f i e d  f a t t y  a c i d s  by th e  te ch n iq u e  o f  Buncombe (1 9 6 4 ) .  
U rinary  c r e a t i n i n e  e x c r e t io n  was de te rm ined  c o l o r i m e t r i c a l l y  by th e  
method o f  Bonsnes and Taussky (1945) .
2 .2  Methodology f o r  Animal Experiments
2 .2 .1  Animals, b lood samples & th e  e v e r te d  g u t  sac  t e c h n iq u e .
Ten male a lb in o  r a t s ,  each  w eighing ap p ro x im ate ly  200 g . were fed  a 
d i e t  d e f i c i e n t  in  f o l i c  a c i d ,  ad l i b i tu m  ( f o r  feed  c o m p o s i t io n ,  see  
Appendix 4 ) .  Ten c o n t ro l  r a t s  o f  s i m i l a r  w eigh ts  were f e d ,  ad l i b i t u m ,  
a f o l a t e  semi supplem ented d i e t  ( f o l i c  d e f i c i e n t  d i e t  w ith  0 .3 5  mg. 
f o l i c  a c id /K g .  feed  added),  which p ro v id e s  s u f f i c i e n t  amounts o f  f o l i c  
a c id  to  p rev en t  any d e f i c i e n c y  syndromes from d ev e lo p in g  (A sen jo ,  
1948). C on tro l and t e s t  an im a ls  were caged in  groups o f  f i v e  w ith  
’ s t e r o l i t e ’ bedding .
Animals were weighed weekly and f a s t i n g  blood samples were o b ta in e d  
i n t r a p e r i t o n e a l l y  and a t  f o r t n i g h t l y  i n t e r v a l s  f o r  d e te r m in a t io n  o f  
h a e m a to c r i t s  and serum and red  c e l l  f o l a t e  and serum v i ta m in  B12 .
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A 1.5  ml, a l i q u o t  o f  whole b lood was p la c e d  in  p l a in  LP3 tu b e  ( f o r  
serum) and 0 . 5  ml. b lood p laced  in  h e p a r in iz e d  tu b e s  ( f o r  whole 
b l o o d ) . Blood in  th e  p l a in  tu b e  was allow ed to  c l o t  and a f t e r  
c e n t r i f u g a t i o n  fo r  5 m in . ,  serum was removed and s to r e d  a t  - 4 0 °C. A 
sample o f  whole b lood was used fo r  h a e m a to c r i t  d e te rm in a t io n  w ith  th e  
use o f  h e p a r in iz e d  h a e m a to c r i t  t u b e s ,  an h a e m a to c r i t  c e n t r i f u g e  and 
haem acytom eter. An a l i q u o t  o f  0 .5  ml. o f  whole b lood was d i l u t e d  by 
40 p a r t s  w ith  f r e s h l y  p rep a red  1^ sodium a s c o r b a t e .  F o la te  in  serum 
and whole blood and serum v i ta m in  B12 were determ ined  by r a d io a s s a y  
(u s in g  an Amersham k i t ,  see  s e c t i o n  2 . 1 .3 )  w i th in  4 weeks o f  c o l l e c t i n g  
th e  b lo o d .
A f te r  14 weeks on t h e i r  r e s p e c t iv e  d i e t s ,  c o n t r o l s  and t e s t  an im a ls  
were f a s t e d  fo r  24 h o u r s ,  w ith  w a te r  p ro v id ed .  At 9 .00  a .m . th e  
fo l lo w in g  m orning, th e  an im als  were a n a e s th e s i s e d  w ith  e t h e r  and b lood  
fo r  h a e m a to c r i t  and f o l a t e  and v i ta m in  B12 d e te rm in a t io n  were o b ta in e d  
by c a rd ia c  p u n c tu re .  The an im als  were k i l l e d  by c e r v i c a l  d i s l o c a t i o n  
and th e  abdomen opened by a m id l in e  i n c i s i o n .  The i n t e s t i n e  was 
s e c t io n e d  a t  th e  upper duodenum and a t  th e  i l e o c a e c a l  j u n c t io n  and 
f lu s h e d  w ith  i c e - c o ld  p e r fu s io n  medium (Krebs & H e n s e le i t  b u f f e r ,  see  
Table 2 .3 )  u s ing  a can n u la te d  s y r in g e  w ith  b lu n te d  n e e d le .
The i n t e s t i n e  was then  removed by s t r i p p i n g  away th e  m esen te ry  s t a r t i n g  
from the  i l e a l  end. The whole le n g th  o f  i n t e s t i n e  was p la c e d  in  a 
c a l i b r a t e d  g la s s  tro u g h  o f  1 m etre le n g th  c o n ta in in g  i c e - c o ld  p e r f u s io n  
medium. The upper jejunum was s e c t io n e d  from t h i s  le n g th  o f  i n t e s t i n e  
and app ro x im ate ly  3 cm. was e x c ise d  and p laced  in  10 % b u f fe re d
fo rm a lin  fo r  h i s t o l o g i c a l  examination. The washed i n t e s t i n a l  segment
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Table 2 .3  Composition o f  p e r fu s io n  medium (Krebs & 
H e n s e l e i t ,1932)
S ubstance  Volume (m l.)
0 .9 % NaCl (0 .154  M) 100
1 . 15 % KCl (0 .154  M) 4
2 . 11 % KH3 PO4 (0 .154  M) 1
3. 82 % MgSÜ4 (0 .154  M) 1
1 . 3 % NaHCOa (0 .154  M) 21
Glucose i s  added to g iv e  a 0 .5  % s o l u t i o n .  The p e r fu s io n  f l u i d  should  
be gassed  w ith  carbogen fo r  20 min. j u s t  b e fo re  use (Ph 7 . 2 - 7 . 3 ) .
was g e n t ly  e v e r te d  u s in g  a g l a s s  rod  w ith  bulbous end , a s  d e s c r ib e d  by 
Wilson & Wiseman (1954 ) .  I t  was found co n v en ien t  to  hold  th e  g l a s s  rod  
in  a clamp and p o s i t io n e d  so t h a t  i t  was j u s t  over a p e t r i  d i s h  
c o n ta in in g  i c e - c o ld  p e r fu s io n  medium. The end n e a r e s t  th e  g l a s s  rod  
was t i e d  o f f  w ith  c o t to n  l i g a t u r e  and th e  e v e r te d  sac was removed from 
the  g la s s  rod by c u t t i n g  ap p ro x im ate ly  0 .5  cm. from th e  end beyond th e  
l i g a t u r e ,  and dropped in t o  th e  p e t r i  d i s h .
2 .2 .2  Use o f  e v e r te d  i n t e s t i n a l  s a c s  f o r  s tu d y  o f  t ry p to p h a n  t r a n s p o r t .
2 . 2 .2 . 1  D is ten d in g  o f  s a c s  and in c u b a t io n .
Two s a c s ,  ap p ro x im a te ly  3 cm. i n  l e n g th ,  were p rep a red  by m easuring  
from the  p o in t  o f  t i e  o f  th e  l i g a t u r e  o f  each i n t e s t i n a l  segment a s  
f o l l o w s : -  A c o t to n  l i g a t u r e  was drawn lo o s e l y  over a c a n n u la te d  b lu n te d  
s y r in g e  n e ed le  a t t a c h e d  to  a 1 ml. s y r in g e  and c o n ta in in g  0 . 5  ml. o f
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amino a c id  p e r fu s io n  medium, h e ld  in  a clamp. The sac  was s l ip p e d  on
th e  s y r in g e  n e e d le  and f i l l e d  and d is te n d e d  w ith  t h i s  volume o f
try p to p h a n  p e r fu s io n  medium, and th e  s a c s  were f i n a l l y  c lo se d  by
p u l l i n g  t i g h t  th e  l i g a t u r e  a s  th e  sac  was s l ip p e d  o f f  th e  s y r in g e
n e e d le .  D istended  s a c s  were p la ced  in  l a b e l l e d  f l a s k s  c o n ta in in g  40
ml. o f  th e  same try p to p h a n  p e r fu s io n  medium as was used f o r  f i l l i n g
th e  s a c s .  F la sk s  were a e r a te d  w ith  carbogen (5 % 00%,95 % Og ) and
0
shaken in  a w ater  b a th  m a in ta in ed  a t  37 C f o r  1 h o u r .  Shaking was done 
a t  40 o s c i l l a t i o n s /  m in . ,  a s  su g g es ted  by Taha (19 7 9 ) ,  to  m inim ise  
shedd ing  o f  th e  mucosa.
At th e  end o f  th e  in c u b a t io n ,  th e  s a c s  were removed and washed by
d ip p in g  in  i c e - c o ld  p e r fu s io n  medium. The sa c s  were b l o t t e d  g e n t ly
u s in g  Whatman No. 40 f i l t e r  paper and w eighed, and th e  s e r o s a l  f l u i d s
d ra in e d  in t o  2 ml. t e s t  tu b e s  by c u t t i n g  a c ro s s  th e  m idd le  o f  th e
s a c s .  The empty s a c s  were p laced  in  pre-w eighed  d ry  t e s t  tu b e s  and th e
weight o f  d ra in e d  s a c s  were r e c o r d e r  w ith  th e  l i g a t u r e s  c u t  o f f  a s
c lo se  a s  p o s s i b l e  to  th e  p o in t  o f  t i e .  Sacs were d r i e d  in  an oven a t  
0
105 C f o r  a t  l e a s t  24 hours  th e n  coo led  in  a d e s s i c a t o r  o v e rn ig h t  and 
weighed to  f in d  th e  w eight o f  d ry  t i s s u e .
2 . 2 .2 . 2  D e f a t t in g  o f  i n t e s t i n a l  t i s s u e
The w eigh ts  o f  d ry  d e f a t t e d  s a c s  were re c o rd e d  a f t e r  doub le  e x t r a c t i o n  
w ith  d i e t h y l  e t h e r .  Using an Oxford au to m atic  p i p e t t e ,  2 ml. d i e t h y l  
e t h e r  was added to  each  tu b e  c o n ta in in g  the  d ry  t i s s u e .  Tubes were 
capped and shaken on a r e v o lv in g  c i r c u l a r  board o f  24 i n .  d ia m e te r  
( r o t a t i n g  a t  40 o s c i l l a t i o n s / m i n . ) f o r  30 min. The d i e t h y l  e t h e r  was 
d ecan ted  and d is c a rd e d  and a f u r t h e r  2 ml. d i e t h y l  e t h e r  was added .
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The tu b e s  were ag a in  capped and shaken a s  b e f o r e .  The second d i e t h y l  
e t h e r  e x t r a c t  was d ecan ted  and th e  d e f a t t e d  s a c s  were d r i e d  in  an oven 
o v e rn ig h t ,  coo led  f o r  1 h r .  and th e  w eigh ts  o f  th e  d r i e d  d e f a t t e d  
t i s s u e s  were r e c o rd e d .
2 . 2 . 2 . 3  Tryptophan d e te rm in a t io n  i n  s e r o s a l  and mucosal f l u i d s .  
M a te r i a l s :
1) N inhydrin  Reagent: 50 v o l .  1 % N inhydrin  in
0 .5  M C i t r a t e  B u ffe r .
120 v o l .  G ly ce ro l  (Sigma)
20 v o l .  0 .5  M C i t r a t e  b u f f e r ,  Ph 5 .5
2) S tock  Tryptophan s ta n d a rd :  0 .8  mM p rep a red  in  gassed  
p e r fu s io n  medium.
Method :
S e ro s a l  samples were d i l u t e d  1 i n  10 (w ith  p e r fu s io n  medium). These, 
and u n d i lu te d  mucosal samples were an a ly se d  f o r  t r y p to p h a n  
c o n c e n t r a t io n  as  f o l l o w s : -
A range  o f  working s ta n d a rd s  (0 .3125  to  2 .5  mM) was p re p a re d  by 
d i l u t i n g  th e  s to c k  try p to p h a n  s ta n d a rd  in  p e r fu s io n  medium. To 0 . 2  ml. 
s ta n d a r d s ,  sam ples and re a g e n t  b la n k ,  3 . 8  ml. n in h y d r in  r e a g e n t  was 
added. Tubes were v o r te x  mixed fo r  20 s e c s ,  and p la ced  in  a b o i l i n g  
w ate r  b a th  f o r  e x a c t ly  15 m in .,  a f t e r  which th e y  were coo led  in  ru n n in g  
ta p  w ate r  f o r  5 min. and the  c o lo u r  re a d  a t  570 nm. u s in g  a P e rk in  
-Elmer S pec tro p h o to m ete r .  The c o n c e n t r a t i o n  o f  t ry p to p h a n  i n  th e  
d i l u t e d  s e r o s a l  and mucosal samples were c a l c u l a t e d  from a r e g r e s s i o n
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l i n e  ( t y p i c a l  s ta n d a rd  cu rve  shown in  F ig .  2 .3 )
2 . 2 .3  Use o f  e v e r te d  s a c s  f o r  s tu d y  o f  a s c o r b ic  a c id  t r a n s p o r t
D is tended  s a c s  were p rep a red  as d e s c r ib e d  in  s e c t i o n  2 . 2 . 2 . 1 ,  b u t  
i n s t e a d  o f  t ry p to p h a n  s o l u t i o n ,  th e  s a c s  were f i l l e d  w ith  p e r f u s io n  
medium and p laced  in  v o lu m e tr ic  f l a s k s  c o n ta in in g  40 ml. a s c o r b ic  a c id  
s o lu t i o n  and gassed  w ith  ca rbogen . These were in c u b a ted  a t  37°C f o r  1 
hour in  a shak ing  w ater  b a th  a t  40 o s c i l l a t i o n s / m i n .  At th e  end o f  th e  
in c u b a t io n ,  s a s  were d ipped in  i c e - c o ld  p e r fu s io n  medium and b l o t t e d ,  
d r a in e d ,  weighed and d r i e d  as  d e s c r ib e d  in  s e c t io n  2 . 2 . 2 . 1 .
2 .2 .3 .1  D e te rm in a t io n  o f  A scorb ic  Acid in  s e r o s a l  and mucosal samples
M a t e r i a l s :
1) S u lp h u r ic  Acid 10 N.
2) Copper S u lpha te  0 .6  56 w/v
3) T h iourea  s o lu t i o n  5 % w/v
4) 2 , 4 -D in i t ro p h e n y lh y d ra z in e  (DNPH) s to c k  s o l u t i o n -  
22 gm. DNPH d is s o lv e d  in  10 N s u lp h u r ic  a c id  and
0
d i l u t e d  to  1 1. w ith  10 N s u lp h u r ic  a c i d ,  s t o r e  a t  4 C.
5) DNPH working s o l u t i o n :  To 100 ml 2 ,4  DNPH s to c k ,  add
5 ml. o f  th io u r e a  s o l u t i o n  and 5 ml. o f  copper s u lp h a te  
s o lu t i o n  and f i l t e r .
6) S u lp h u r ic  a c id  65 56.
F i g .  2 . 3
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Method ;
S e ro s a l  and mucosal samples were d i l u t e d  1:50 in  p e r fu s io n  medium. 
S tan d a rd s  c o n ta in in g  0 ,0 4 ,  0 .08 ,  0 .16 & 0 .2  mM a s c o rb ic  a c id  were
p rep ared  in  p e r fu s io n  medium and th e  c o n c e n t r a t io n  o f  d i l u t e d  mucosal 
and s e r o s a l  s a p le s  were de te rm ined  by th e  method based on t h a t  o f  
Denson & Bowers (1961) -  1 .5  ml. o f  s t a n d a r d s ,  sam ples and b la n k s  were 
added to  0 .5  ml. DNPH working s o l u t i o n ,  th e  s o lu t i o n s  were mixed by 
shak ing  and in c u b a ted  a t  37°C f o r  4 h r .  At th e  end o f  th e  in c u b a t io n ,  
tu b e s  were removed and coo led  in  an i c e - b a t h .  To each  tu b  2 .5  ml. 
i c e - c o l d  s u lp h u r ic  a c id  (65 %) was s low ly  added w ith  sh a k in g .  A f te r
le a v in g  a t  room tem p era tu re  f o r  30 min. a l l  tube  c o n te n ts  were d i l u t e d  
1 i n  5 w ith  d i s t i l l e d  w ater  and th e  c o lo u r  re a d  a t  520 nm ( t y p i c a l  
s ta n d a rd  cu rve  shown in  F ig .  2 . 4 ) .
2 . 2 . 3»2 Glucose d e te rm in a t io n  in  s e r o s a l  and mucosal samples
S e ro s a l  and mucosal samples were d i l u t e d  by 10 p a r t s  w ith  d i s t i l l e d
w ate r  and g lucose  a n a l y s i s  was perform ed on a  Cobas-Bio au to  a n a ly s e r  
u s in g  a Glucose T es t k i t  (B o e h r in g e r ) . The method depends on th e
fo rm atio n  o f  a co lo u red  complex w ith  g lu c o se  p r e s e n t  i n  th e  sam p les ,
a cc o rd in g  to  th e  fo l lo w in g  e q u a t i o n s : -
g lucose  + Og + HgO --------- —^  g lu c o n a te  +H2O
HgO + ABTS ----- )----  co lo u red  complex + HgO
ABTS=di-ammonium 2 , 2 - a z i n o - b i s ( 3 - e th y lb e n z o th i a z o l i n e - 6 - s u l f o n a t e )
(The p a ram e te rs  f o r  th e  Cobas-Bio a r e  g iven  in  Appendix 5 ) .
F i g .  2 . 4
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2 . 2 .4  H is to lo g y  and m i t o t i c  index  o f  th e  sm all  i n t e s t i n e
2 . 2 .4 . 1  T issu e  p ro c e s s in g  and s e c t i o n  c u t t i n g
A f te r  f i x i n g  in  b u f fe re d  fo rm a l in  f o r  a p e r io d  o f  a t  l e a s t  1 week, 
p ie c e s  o f  t i s s u e  o f  approx . 3 mm. th ic k n e s s  were c u t  from each 
i n t e s t i n a l  segment and p laced  in  a m e ta l  p ro c e s s in g  chamber t o g e th e r  
w ith  th e  a p p r o p r ia te  l a b e l .  The c o n t a in e r s  were th e n  p la ced  in  a 
t i s s u e  b ask e t  which was th e n  f i t t e d  to  an H is to k in e t t e  a u to m a tic  
p ro c e s so r  ( B r i t i s h  American O p t ic a l  Co. L td . ,  S lough ) .  T is s u e s  were 
t r a n s f e r r e d  a u to m a t i c a l ly  from one beaker o f  f l u i d  to  th e  n e x t  and th e  
p ro c e s s e s  o f  d e h y d ra t io n ,  c l e a r i n g  and im pregna tion  w ith  wax were 
c a r r i e d  out u s in g  th e  fo l lo w in g  p ro c e s s in g  schedu le
D ehydration  
70% a lc o h o l 2 hours
05% a lc o h o l 2 hours
9b% a lc o h o l 2 hours
100% a lc o h o l I 2 hours
100% a lc o h o l I I 2 hou rs
100% a lc o h o l I I I 2 hours
C le a r in g  
Toluene I  
Toluene I I
2 hours  
2 hours
Im pregnation  
P a r a f f i n  wax I  
P a r a f f i n  wax I I
2 hours  
2 hours
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A fte r  t h i s  p ro c e ss  th e  t i s s u e  c o n t a in e r s  were t r a n s f e r r e d  to  a t h i r d  
wax b a th  from which th e  t i s s u e  was blocked  o u t .
The t i s s u e  was b locked out by removing i t  from th e  c o n ta in e r  u s in g  a 
p a i r  o f  e l e c t r i c a l l y  h ea te d  fo rc e p s  and p la c in g  i t  i n  a p l a s t i c  mould 
f i l l e d  w ith  m olten  wax. The t i s s u e  was o r i e n t e d  l o n g i t u d i n a l l y  so t h a t  
th e  s u r f a c e  to  be c u t  r e s t e d  on th e  base  o f  th e  mould. A p l a s t i c  b lo c k  
was p la ced  w ith  i n  th e  mould w ith  th e  r e f e r e n c e  number l a b e l .
S e c t io n s  were c u t  from th e  b lo ck s  a t  a th i c k n e s s  o f  6 um u s in g  an 
American O p t ic a l  Spencer 820 R o ta ry  microtom e. The s e c t i o n s  were 
f l o a t e d  on d i s t i l l e d  w ater  a t  a te m p e ra tu re  o f  50°C u n t i l  th e  c r e a s e s  
d is a p p e a re d ,  and mounted on s l i d e s .
S ep a ra te  s l i d e s  were s t a i n e d  w ith  Haematoxylin and Eosin  to  show 
g e n e ra l  morphology (se e  Appendix 6 ) ,  and w ith  th e  Fuelgen r e a c t i o n  to  
s t a i n  c e l l  n u c l e i  f o r  c o u n tin g  o f  m i t o t i c  f i g u r e s  ( s e e  Appendix 7 ) .
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C H A P T E  R 3
NUTRITIONAL STATUS OF PATIENTS WITH SENILE DEMENTIA
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3.1  In troduction
Normal senescence  i s  accompanied by a number o f  d e g e n e ra t iv e  changes ; 
changes in  f o r  example, immune f u n c t io n ,  bone d e n s i t y  & energy  
m etabolism  (M inro ,1 981 ).  With advancing  age ,  i t  ap p ea rs  t h a t  th e  human 
s p e c ie s  becomes more and more v u ln e r a b le  to  deve lop ing  d i s e a s e .  The 
im portance o f  adequa te  n u t r i t i o n  in  th e  p re v e n t io n  o r  t r e a tm e n t  o f  such
d i s e a s e  i s  now b e ing  r e a l i s e d .  For in s t a n c e ,  d i e t a r y  f a c t o r s  such  as
low f a t  and h igh  f i b r e  have been im p l ic a te d  in  th e  p r e v e n t io n  o f  
ischaem ic  h e a r t  d i s e a s e .  N e v e r th e le s s ,  t h e r e  a r e  some d i s e a s e s  f o r  
which n u t r i t i o n a l  involvem ent rem ains  to  be ex p lo red  and f o r  which th e  
com plete and p r e c i s e  r o l e  o f  n u t r i t i o n  i s  y e t  to  be a s c e r t a i n e d .  One 
such a r e a  i s  p a th o lo g ic a l  a g e in g ,  one f e a t u r e  o f  which i s  commonly 
r e f e r r e d  to  a s  s e n i l e  dem en tia .  This c o n d i t io n  o c c u rs  i n  2 .4  % f o r  
th o se  aged 65 to  69 y e a r s  and in  22 % o f  th o se  aged 80 y e a r s  and above 
(Kay e t  a l . ,1965; 1970). S e n i le  dem entia  i s  a s s o c i a t e d  w ith
c h a r a c t e r i s t i c  n e u ro p a th o lo g ic a l  f e a t u r e s ,  in c lu d in g  n eu ro n a l  l o s s ,  
s e n i l e  p laques  and n e u r o f i b r i l l a r y  t a n g le s  (Tom linson, 1980), and w ith  
d ec re ase d  fu n c t io n  o f  th e  n e u r o t r a n s m i t t e r s  DA, NE, ACh and 5-HT (P e r ry  
& P e r r y , 1980; G o t t f r i e s ,1980).  The q u e s t io n  o f  w hether p a t h o lo g i c a l  
age ing  i s  an extrem e c o n t in u a t io n  o f  normal age ing  rem ains  a 
c o n t r o v e r s i a l  one. H is to p a th o lo g ic a l  f in d in g s  i n d i c a t e  t h a t
d e g e n e ra t iv e  changes,  n o t  u n l ik e  th o se  seen  in  s e n i l e  dem entia  occu r  i n  
normal s u b j e c t s ,  and t h a t  d ec re ase d  a c t i v i t i e s  o f  th e  n e u r o t r a n s m i t t e r s  
m entioned a l s o  occur in  aged s u b j e c t s .  Moreover, th e  d i f f e r e n c e s  
appea r  to  be q u a n t i t a t i v e  r a t h e r  th an  q u a l i t a t i v e .  However, th e  f a c t  
t h a t  s e n i l e  dem entia  on ly  o ccu rs  in  th e  o ld e r  s e c t i o n  o f  th e  p o p u la t io n  
su g g e s ts  t h a t  th e  u n d e r ly in g  p a th o lo g ic a l  mechanism i s  one o f  a g e in g .
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V u ln e rab le  groups e x i s t  w i th in  th e  e l d e r l y  community t h a t  a r e  a t  r i s k  
o f  d ev e lo p in g  v i ta m in  d e f i c i e n c i e s  (E x to n -S m ith ,1974). B ut, how might 
v i ta m in  d e f i c i e n c y  be o f  im portance  to  th e  p a th o g e n e s is  o f  s e n i l e  
dem entia?  The answer l i e s ,  i n  p a r t ,  i n  f in d in g s  o f  im pa ired  
n e u r o t r a n s m i t t e r  f u n c t io n  in  t h i s  d i s e a s e .  V itam ins p la y  key r o l e s  in  
th e  normal m etabolism  o f  n e u r o t r a n s m i t t e r s ,  and i t  might be ex p ec ted  
t h a t  a d e f i c i e n c y ,  p a r t i c u l a r l y  o f  th e  B v i ta m in s  and v i ta m in  C in  th e  
b r a in  would r e s u l t  in  abnormal n e u r o t r a n s m i t t e r  m e tabo lism , a s  indeed  
i s  th e  case  w ith  a n im a ls ;  when r a t s  a r e  fed  a d i e t  d e f i c i e n t  i n  f o l i c  
a c id  o r  th a im in  ( P l a i t a k i s  e t  a l . , 1978; Botez e t  a l . , 1979) th e y  
develop  an im pairm ent o f  c e r e b e l l a r  5-HT. In  humans, some f r a n k  
v i ta m in  d e f i c i e n c i e s  a r e  accompanied by m en ta l changes ; b e r i - b e r i  and 
p e l l a g r a  produce d e m e n t ia - l ik e  changes ,  and lower l e v e l s  o f  v i ta m in  B12 
(S trach a n  & H en d erso n ,1965; Shulman, 1967a), o f  f o l a t e  (C arney ,1967a) 
and o f  th iam in  and p y r id o x in e  (C a rn e y ,1979) have been r e p o r te d  in  
s e n i l e  dem en tia .  However, c o n t r a d i c t o r y  f in d in g s  e x i s t .  Thus Kershaw 
( 1967 ) found no ev idence  o f  th iam in  o r  n i c o t i n i c  a c id  d e f i c i e n c y  among 
tw elve  p a t i e n t s  w ith  s e n i l e  d em en tia .  However th e s e  s t u d i e s  were 
u n sy s tem a tic  w ith  r e s p e c t  to  n u t r i t i o n  and s e n i l e  d em en tia ,  and u s u a l l y  
formed p a r t  o f  a l a r g e r  i n v e s t i g a t i o n  conce rn ing  p s y c h i a t r i c  p a t i e n t s  
i n  g e n e r a l .
Impairment o f  c e r e b e l l a r  5-HT has  been th e  t o p i c  o f  r e c e n t  fo cu s  in  
b io ch em ica l  and n u t r i t i o n a l  s t u d i e s  o f  s e n i l e  dem en tia .  The m ajo r 
f a c t o r s  r e g u la t in g  th e  tu rn o v e r  o f  b r a in  5-HT a r e  th e  a c t i v i t y  o f  
t ry p to p h a n  hyd roxy lase  and th e  a v a i l a b i l i t y  o f  i t s  s u b s t r a t e  
t ry p to p h a n ,  w ith  th e  l a t t e r  b e in g  th e  more im p o r ta n t  f a c t o r .  
S i g n i f i c a n t l y  lower plasma l e v e l s  o f  t ry p to p h a n  in  p a t i e n t s  w ith  s e n i l e  
dem en tia ,  compared to  e l d e r l y  c o n t r o l s ,  have been r e p o r te d  by Shaw e t
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a l . ( 1981 ) .  However, more im p o r ta n t  th a n  th e  l e v e l s  o f  t o t a l  plasma 
t ry p to p h an  in  d e te rm in in g  th e  up take  o f  t ry p to p h a n  to  th e  b r a i n ,  i s  th e  
r a t i o  o f  try p to p h a n  to  th e  sum o f  th e  c o n c e n t r a t i o n s  o f  th e  com peting 
amino a c id s  (p h e n y la la n in e ,  l e u c in e ,  i s o l e u c i n e ,  v a l in e  & t r y o s i n e ) , 
(F erns trom  e t  a l . ,1 9 7 4 ) .  This r a t i o  i s  a f f e c t e d  by th e  plasma 
c o n c e n t r a t io n s  o f  n o n - e s t e r i f i e d  f a t t y  a c i d s ,  a lbum in , i n s u l i n  and a 
number o f  d ru g s .  Some o f  th e s e  i n  them se lves  a r e  a f f e c t e d  by p r o t e i n  
and ca rb o h y d ra te  in t a k e s  ( F e r n s t r o m ,19 82 ) .
Other l i k e l y  c a n d id a te s  f o r  a n u t r i t i o n a l  involvem ent i n  s e n i l e  
dem entia  in c lu d e  th e  m in e ra l s ,  z i n c ,  co p p er ,  ca lc ium  and magnesium: 
Burnet (1981) has p o s tu la t e d  t h a t  z in c  d e f i c i e n c y  i s  a cause  o f  s e n i l e  
dem entia  on th e  b a s i s  t h a t  many o f  th e  enzymes in v o lv ed  in  th e  
r e p l i c a t i o n ,  t r a n s c r i p t i o n  and r e p a i r  o f  DNA a re  z in c  m e ta l lo en zy m es , 
and e r r o r s  in  th e  in c o r p o r a t io n  o f  z in c  i n t o  th e s e  enzymes cou ld  le a d  
to  m e tab o lic  chaos and e v e n tu a l ly  n e u ro n a l  l o s s .  Dopamine h y d ro x y la se  
and ty r o s in a s e ,  bo th  enzymes in v o lv ed  in  n e u r o t r a n s m i t t e r  s y n t h e s i s ,  
a r e  copper c o n ta in in g  enzymes, so t h a t  a d e f ic ie n c y  o f  copper m ight 
r e s u l t  i n  reduced  a c t i v i t y  o f  th e  n e u r o t r a n s m i t t e r s ,  DA and NE a s  was 
found to  be th e  case  in  r a t s  (Morgan & O 'D e l l , 1977). Magnesium 
d e f i c i e n c y  can r e s u l t  in  m en ta l c h a n g e s , and h y p erca lcaem ia  can cause  
memory d e f i c i t s  and p e r s o n a l i t y  c h a n g e s , two o f  th e  symptoms i n v a r i a b l y  
found in  s e n i l e  dem entia  (Lindemann, 1982).
Nowhere in  th e  l i t e r a t u r e  could  a s tu d y  be found r e l a t i n g  d i e t a r y  
i n t a k e , b io ch em ica l  assessm en t o f  n u t r i t i o n a l  s t a t u s  and f a c t o r s  t h a t  
may in f lu e n c e  th e  s y n th e s i s  o f  s e r o to n in  i n  th e  b r a in  i n  p a t i e n t s  w i th  
s e n i l e  dem en tia .  This c h a p te r  r e p o r t s  th e  r e s u l t s  o f  such a s tu d y  
encompasing a l l  th e  v a r i a b l e s  m entioned above w ith  p a r t i c u l a r  em phasis
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on th e  b iochem ica l  f in d i n g s .  Where d i e t a r y  in t a k e s  a r e  o f  d i r e c t  
i n t e r e s t ,  th e s e  a r e  r e f e r r e d  to  in  th e  d i s c u s s io n  o n ly ,  a s  such  d a ta  
were o b ta in e d  by Denise Thomas.
3 .2  Methodology
3 .2 .1  Subjec t s
P a t i e n t s :  S ev e re ly  demented i n - p a t i e n t s  a t  th e  Royal Hamadryad and
W hitchurch H o s p i ta l s ,  C a r d i f f ,  were s e l e c t e d  by th e  p s y c h o g e r i a t r i c i a n  
in  ch a rg e  (E.S & I.W r e s p e c t iv e l y )  on th e  b a s i s  o f  h i s t o r y ,  c l i n i c a l  
c h a r a c t e r i s t i c s  and perform ance on th e  m en ta l t e s t  and h ig h e r  
n e u r o lo g ic a l  f u n c t io n  s c a l e s  (Hodkinson, 1973). I t  was n o t  p o s s i b l e  to  
o b ta in  s u f f i c i e n t  d r u g - f r e e  p a t i e n t s .  Those on th e  minimum number o f  
drugs was s e l e c t e d  and none were ac c e p te d  i f  th e  d rugs  ta k en  were known 
to  i n t e r f e r e  w ith  v i ta m in  m etabo lism , eg .  a n t i c o n v u l s a n t s  and v i ta m in  
D (Stamp e t  a l . ,1 972 ),  o r  i n t e s t i n a l  a b s o r p t io n .  P r in c i p a l  d ru g s  ta k e n  
were: T h io r id a z in e ,  Promazine, Ib u p ro fe n ,  P heny to in , Temazepam,
D ip h en y o x y la te , I sp ag h u la  Husk B.P. Twenty t h r e e  p a t i e n t s ,  9 male and 
14 fem ale  were a v a i l a b l e .
E ld e r ly  C o n tro ls :  The c o n t r o l s  were h e a l th y ,  am bulant i n d i v i d u a l s  over
65 y e a r s  o f  ag e ,  who were s e l e c t e d  from v o lu n te e r s  who responded  to  an 
a d v e r t i s e m e n t .  None was ta k in g  d rugs a t  th e  t im e  o f  th e  i n v e s t i g a t i o n ,  
and a l l  com pleted s u c c e s s f u l ly  th e  m en ta l t e s t  and h ig h e r  n e u r o lo g i c a l  
f u n c t io n  s c a l e  (H o d k in so n ,1973), th e re b y  e l im in a t in g  c a n d id a te s  w ith  
s e n i l e  memory l o s s . C o n tro ls  were s e l e c t e d  which matched our p a t i e n t s  
f o r  s ex ,  and as c l o s e l y  as p o s s i b l e  f o r  age (T ab le  3 . 1 ) .
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Table  3 .1  D e t a i l s  o f  P a t i e n t s  w ith S e n i le Dementia and o f
H ea lthy  C o n tro ls
Group Sex Number Age (y e a r s )
Mean Range
P a t i e n t s  Male 9 75 .0 66-83
Female 14 78 .6 68-85
C o n tro ls  Male 9 75.1 69-82
Female 14 76 .8 67-85
A ll  bu t t h r e e  o f  th e  p a t i e n t s  were matched w i th in  two y e a r s ;  th e  o th e r  
th r e e  were matched w i th in  f i v e  y e a r s .
P h y s ic a l  I l l n e s s  : None o f  th e  p a t i e n t s  o r  c o n t r o l s  was a c c e p te d  who
had ev idence  o f  major desea se  in  th e  p h y s ic a l  ex am in a t io n ,  o r  th e  
r o u t i n e  l a b o r a to r y  t e s t s .
3 .2 .2  Study Design
E t h i c a l  Approval : The s tu d y  was approved by th e  Local E t h i c a l
Committee and th e  c o n t r o l  s u b je c t s  gave t h e i r  inform ed c o n s e n t  to  
p a r t i c i p a t i o n  in  th e  s tu d y .
A 3-day weighed d i e t a r y  in ta k e  , tak en  over th r e e  c o n s e c u t iv e  week 
d ay s ,  was performed f o r  each s u b j e c t .  This was done by a t r a i n e d
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d i e t i t i a n  ( D .Thomas) in  th e  case  o f  th e  p a t i e n t s  and by th e  c o n t r o l s  
th e m se lv e s ,  w ith  p r i o r  s u p e r v is io n ,  i n  th e  case  o f  th e  c o n t r o l s .  On 
th e  morning o f  th e  f o u r th  day, f a s t i n g  blood samples were ta k e n  by 
venepunc tu re  w ith  s t a s i s  (by t r a i n e d  p e rso n n e l)  and th e se  were s u i t a b l y  
p a r t i t i o n e d  fo r  subsequen t b io ch em ica l  a n a l y s i s .
Blood and Urine Specimens: A volume o f  25 ml. o f  b lood  was ta k e n  from
each s u b je c t  and d iv id e d  between EDTA (5 m l . ) ,  p l a i n  (5 m l .)  and
h e p a r in i s e d  tu b e s .  D u p lic a te  2 .5  ml. a l i q u o t s  from th e  EDTA tu b e s  
were p ip e t t e d  in t o  s e p a r a te  tu b e s  c o n ta in in g  12.5  ml. d e x t ra v e n  s a l i n e  
f o r  s e p a r a t io n  o f  th e  b u f fy  l a y e r .  Specimens i n  t h i s  way were 
c o l l e c t e d  w ith in  1 h r .  o f  o b ta in in g  th e  b lood from th e  p a t i e n t .  A 0.1 
ml. a l i q u o t  o f  b lood from one o f  th e  h e p a r in i s e d  tu b e s  was removed and 
d i l u t e d  by 40 p a r t s  w ith  sodium a s c o rb a te  (0 .1  gm/100 ml) f o r  f o l a t e  
d e te rm in a t io n .
The p l a in  and h e p a r in i s e d  tu b e s  were c e n t r i f u g e d  a t  4° C ( w i th in  15 
m inutes  o f  th e  v e n e s e c t io n )  and th e  serum, plasma and re d  c e l l s  
a p p r o p r i a t e l y  removed and c o l l e c t e d .
D u p lic a te  0 .5  ml. a l i q u o t s  o f  plasma were d e p ro te in iz e d  w ith  10 %
t r i c h l o r o a c e t i c  a c id  and th e  s u p e r n a ta n ts  removed ( f o r  a s c o r b i c  a c id  
d e t e r m in a t io n ) .
The red  c e l l s  were washed th r e e  t im es  w ith  p h y s io lo g ic a l  s a l i n e ,  and 
a l i q u o t s  were taken  fo r  haemoglobin a s s a y  and f o r  b io c h e m ic a l  
d e te rm in a t io n  o f  v i ta m in  s t a t u s  w ith  r e s p e c t  to  th ia m in ,  r i b o f l a v i n  and 
v i ta m in  B6.
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U rine specim ens were u n t r e a te d  and a l l  b lood  and u r in e  specim ens were 
f ro zen  a t  -20°  C and t r a n s p o r te d  in  c a r d i c e  to  th e  l a b o r a t o r y  in  
G u ild fo rd  where b io ch em ica l  a n a ly s e s  were performed w i th in  2 weeks o f  
r e c e iv in g  the  specim ens (se e  Chapter 2 f o r  b iochem ica l  methods 
em ployed).
3 .3  R e s u l t s
3 . 3.1  The Vitamins
For p a t i e n t s  and c o n t r o l s ,  th e  mean v a lu e s  o f  a l l  th e  v i ta m in s  (T ab le
3 . 2 ) excep t th ia m in ,  were w i th in  normal l i m i t s .  The mean v a lu e  f o r  
th iam in  th e n ,  i n d i c a t e d  t h a t  bo th  groups had ev idence  o f  s u b - c l i n i c a l  
d e f i c i e n c y  o f  t h i s  v i ta m in ,  w ith  38 % o f  p a t i e n t s  and 36 % o f  c o n t r o l s  
hav ing  e l e v a te d  TK % a c t i v a t i o n s .  Though th e  mean v a lu e s  f o r  th e  o th e r  
v i ta m in s  were w i th in  normal l i m i t s ,  46 % o f  th e  p a t i e n t s  had in a d e q u a te  
l e v e l s  f o r  plasma a s c o rb ic  a c id  as compared to  o n ly  9 % o f  th e
c o n t r o l s .  This d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  from 
Chi-Square a n a l y s i s  (P<0.0 1 ) .
The mean v a lu e s  f o r  th ia m in ,  b u f fy  l a y e r  a s c o rb ic  a c i d ,  r i b o f l a v i n ,  
p y r id o x in e  and serum r e t i n o l  and f o l a t e  were s t a t i s t i c a l l y  s i m i l a r  
between th e  g ro u p s ,  a s  were th e  p r o p o r t io n s  hav ing  sub-norm al v a l u e s .  
However, ave rage  v a lu e s  f o r  plasma a s c o r b ic  a c id  and e r y th r o c y te  f o l a t e  
were s i g n i f i c a n t l y  lower in  p a t i e n t s  , and the  u r in a r y  e x c r e t i o n  o f  
N -m ethy ln ico tinam ide (NMN) in  female p a t i e n t s  on ly  was s i g n i f i c a n t l y  
lower than  in  t h e i r  c o n t r o l s .
There was a s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  w ith  age f o r  p lasm a
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a s c o rb ic  a c id  in  th e  case  o f  th e  p a t i e n t s ,  and fo r  b u f fy  l a y e r  a s c o r b ic
a c id  and AST % a c t i v a t i o n  in  th e  c a se  o f  th e  c o n t r o l s  (F ig  3 .1 ,  F ig
3 . 2 ) .
3 . 3 . 2  The M inera ls  and Trace e lem ents
The range  o f  plasma z in c  l e v e l s  (Tab le  3 .2 )  f o r  p a t i e n t s  and c o n t r o l s  
were w i th in  normal l i m i t s  ( ta k e n  a s  7-20 u m o le s /1 ,  Delves (1 9 7 8 ) ) ,  and 
was skewed tow ards th e  low er l i m i t  o f  norm al. The mean l e v e l s  o f  th e  
o th e r  e lem en ts  i n v e s t i g a t e d ,  namely co p p er ,  magnesium and ca lc iu m  were 
s i g n i f i c a n t l y  h ig h e r  in  p a t i e n t s  th a n  in  c o n t r o l s .  The normal ran g e  o f  
plasma copper i s  g iven  a s  13-24 u m o le s /1 ,  so t h a t  th e  mean v a lu e s  f o r  
p a t i e n t s  and c o n t r o l s  were w i th in  normal l i m i t s .
The mean l e v e l  o f  plasma calc ium  fo r  p a t i e n t s  was above th e  h ig h e r  
l i m i t  o f  norm al, i n d i c a t i n g  hyperca lcem ia  ( i n  75 % o f  c a s e s ) .  Though 
th e  mean l e v e l  f o r  magnesium fo r  th e  p a t i e n t s  was w i th in  normal l i m i t s  
( 0 .1 - 1 .0 ,  Hoffman (1 9 7 3 ) ) ,  37 .5  % had h ig h e r  l e v e l s  th a n  norm al.
However th e se  l e v e l s  were o n ly  m a rg in a l ly  above th e  h ig h e r  l i m i t  o f
n o rm a l . Mean in t a k e s  o f  z in c  and copper by bo th  groups were below th e
c u r r e n t  RDA (US Food and N u t r i t io n  B o a r d ,1974) o f  15 mg/day and 2 
mg/day r e s p e c t i v e l y ;  however th e  mean v a lu e s  between th e  g roups  were 
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  In  th e  c o n t r o l s ,  bu t n o t  i n  th e  p a t i e n t s ,  
t h e r e  was a s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  (p<0.05) between d i e t a r y  
in t a k e s  and plasma l e v e l s  o f  z in c  and co p p e r .  There was no s i g n i f i c a n t  
c o r r e l a t i o n ,  i n  p a t i e n t s  o r  c o n t r o l s ,  between d i e t a r y  i n t a k e s  and 
plasma l e v e l s  o f  th e  o th e r  m in e ra ls  s tu d i e d .  There was a l s o  an absence  
o f  any c o r r e l a t i o n ,  i n  both  g ro u p s ,  between plasma z in c  and serum 
albumin o r  between plasma copper and serum album in. N e i th e r  was t h e r e
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Table 3 .2  V itam in and M ineral S ta tu s  o f  P a t i e n t s  w ith
S e n i l e  Dementia (D) and H ealthy  C o n tro l  S u b je c ts  (C)
Group(No) MeanVitam in
Ascorbic Acid:
Plasma (mg/100 ml)
Buffy Coat:
(ug /10^  c e l l s )
Thiam in:
T ra n sk e to la s e  
% A c t iv a t io n
R ib o f la v in :
G lu ta th io n e -  
Reductase % A c t iv a t io n
Vitamin B6: 
A sparta team ino -  
T ra n s fe ra s e  % A c t iv a t io n
F o la te  :
Serum (ng/m l)
E ry th ro c y te  (ng/m l)
R e t in o l :
serum (ug/100ml)
N ic o t in ic  Acid:
N-MethyInico tinam id  e 
e x c re t io n  (mg/g C re a t in in e )
Zinc
(u moles/m l)
Copper 
(u moles/m l)
Magnesium 
(m moles/ml)
Calcium 
(m moles/ml)
S.D. Normal % Below 
Range Normal
D (22) **0.46 0.29 >0.4 46
C (23) 0 .7 7 0.36 9
D (21) 35 .0 14 >18 10
C (23) 4 2 .0 18 9
D (16) 21 33 <15 38
C (22) 34 70 36
D (19) 32 20 <76 0
C (21) 30 14 0
D (20) 54 38 <130 5
C (22) 59 34 0
D (20) 5 .1 3 .0 >2.0 5
C (21) 6 .7 3 .3 0
D (17) *198 101 >100 0
C (16) 308 201 6
D (18) 7 0 .2 26 .5 50-100 11
C (22) 7 1 .7 13.9 5
D (20) 10 .9 4 .9
C (17) 14 .8 7.1
D 12) 12.98 2 .04 7-20 0
C 17) 12. 55 3 .33 0
D 12) *16.97 2 .46 13-24 0
C 16) 13.23 4 .33 0
D 8) *0.98 0.05 0 . 7 - 1 .0 0
C 17) 0 .87 0.20 6
D 8) ***2.82 0 .20 2. 4 -2 .6 0 # #
C 17) 2 .1 7 0.41 78
T -T est P v a lu es  shown * when P<0.05; ** when P<0.01; 
*** when P<0.001
Chi^ P value shown when P<0,. 01 ^^when P<0.001
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F i g  3 . 1  R e l a t i o n s h i p  b e t w e e n  A g e  a n d  P l a s m a  A s c o r b i c  A c i d  ( P A A )  
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any s i g n i f i c a n t  c o r r e l a t i o n  w ith  age f o r  plasma l e v e l s  o f  any o f  th e  
e lem en ts  i n v e s t i g a t e d .
3 . 3 . 3  Tryptophan and R ela ted  V a r ia b le s
The mean t o t a l  plasma try p to p h a n  (Table  3 .3 )  was lower in  p a t i e n t s  o f  
b o th  sexes  th a n  in  t h e i r  c o n t r o l s ,  b u t  o n ly  in  th e  case  o f  th e  fem ales  
was t h i s  d i f f e r e n c e  s i g n i f i c a n t  (P < 0 .0 1 ) .  Average v a lu e s  o f  plasma 
f r e e  t ry p to p h an  were s i m i l a r  between th e  g ro u p s ,  bu t th e  p a t i e n t s  had a 
s i g n i f i c a n t l y  lower mean l e v e l  o f  bound t ry p to p h an  and o f  NEFA.
Mean albumin c o n c e n t r a t i o n s  in  plasma were s i g n i f i c a n t l y  low er o n ly  i n  
th e  male p a t i e n t s ,  and average  i n s u l i n  v a lu e s  were s i m i l a r  between th e  
g ro u p s .
Pearson c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  between v a r io u s  p a i r s  
o f  m easurem ents. In both  s e x e s ,  t h e r e  was no s i g n i f i c a n t  c o r r e l a t i o n  
between d i e t a r y  in t a k e s  o f  t ry p to p h a n  and e i t h e r  th e  t o t a l ,  bound o r  
f r e e  plasma l e v e l s .
In th e  c o n t r o l s ,  bu t n o t  in  th e  p a t i e n t s ,  th e  plasma t o t a l  and bound 
try p to p h a n  l e v e l s  were n e g a t iv e l y  c o r r e l a t e d  w ith  th e  plasma 
c o n c e n t r a t i o n s  o f  NEFA (F ig  3 . 3 ) .  No s i g n i f i c a n t  c o r r e l a t i o n s  were 
found, i n  e i t h e r  g roup , f o r  o th e r  p a i r s  o f  v a r i a b l e s  m easured , 
in c lu d in g  t h a t  f o r  plasma t ry p to p h a n  and plasma album in .
Fu rtherm ore ,  th e r e  was a s i g n i f i c a n t  n e g a t iv e  c o r r e l a t i o n  f o r  plasm a 
albumin c o n c e n t r a t io n  w ith  age in  th e  c o n t r o l s  ( R=-0 .452 , P=0.015, see
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Fig  3 3 Relat ionsh ip  b e t w e e n  N o n e s t e r i f i e d  F a t t y  A c i d  ( N E F A )  
and the T o t a l  and Bound T r y p t o p h a n  in th e  p lasma  
o f  E ld e r ly  C o n t r o l  S u b j e c t s
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F i g  3 . 4  R e la t io n s h ip  b e tw e e n  p la sm a  A lb u m in  and Age  
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3 .4  D iscu ss ion
The f in d in g  o f  low plasma a s c o rb ic  a c id  in  p a t i e n t s  w ith  s e n i l e  
dem entia  i s  i n  agreement w ith  th o se  o f  o th e r s  w ith  r e s p e c t  to  
p s y c h o g e r i a t r i c  p a t i e n t s  (Morgan & H u l l i n , 1982). Plasma a s c o r b ic  a c id  
r e f l e c t s  d a i l y  d i e t a r y  f l u c t u a t i o n s ,  b u t  acc o rd in g  to  some (Loh & 
W i ls o n ,1971; B a tes  e t a l , , 1979), plasma l e v e l s  a r e  a s  r e l i a b l e  an 
index o f  Vitamin C s t a t u s  a s  th e  b u f fy  c o a t  c o n c e n t r a t i o n s .  Only a few 
o f  our s u b je c t s  (10 % o f  p a t i e n t s  & 9 % o f  c o n t r o l s )  had b u f fy  c o a t
v a lu e s  below th e  lower l i m i t  o f  normal sugges ted  by Schorah (1 9 8 2 ) .  
F u rtherm ore ,  t h e r e  was no s t r o n g  c o r r e l a t i o n  between d i e t a r y  i n t a k e s  
and plasma a s c o rb ic  a c id  c o n c e n t r a t i o n s .  This i s  in  c o n t r a s t  to  
e a r l i e r  b e l i e f s  (H ughes ,1973), and su p p o r ts  th e  n o t io n  t h a t  p lasm a 
l e v e l s  a r e  l e s s  a f f e c t e d  by d i e t a r y  f l u c t u a t i o n s ,  and may v e ry  w e l l  
r e f l e c t  t i s s u e  s t a t u s . N e v e r th e le s s , th e  lower plasma l e v e l s  i n  th e  
p a t i e n t s  may w e ll  have been due to  th e  low d i e t a r y  i n t a k e s  o f  t h i s  
v i ta m in ;  e s p e c i a l l y  as  th e  mean ’ c a l c u l a t e d ’ f o r  th e  p a t i e n t s  was 
l i k e l y  to  have been too  h igh  in  view o f  th e  s u s c e p t i b i l i t y  o f  t h i s  
v i ta m in  to  l o s s e s  i n  i n s t i t u t i o n a l  c a t e r i n g  ( P l a t t ,1 9 8 3 ) .  W hatever th e  
cause  o f  th e  low plasma l e v e l s ,  su p p ly  o f  t h i s  e s s e n t i a l  n u t r i e n t  to  
th e  b r a in  may be a t  r i s k  in  th e s e  p a t i e n t s .  Though h o m e o s ta t ic  
mechanisms o p e ra te  s e rv in g  to  m a in ta in  c e r e b r a l  c o n c e n t r a t i o n s  o f  
v i ta m in  C d u r in g  p e r io d s  o f  d e p r iv a t io n  in  normal s u b je c t s  (S p e c to r  & 
L o ren zo ,1973),  t h e r e  i s  no ev idence  t h a t  hom eostas is  i s  norm al in  
p a t i e n t s  w ith  s e n i l e  dem en tia .  The f a c t  t h a t  b u f fy  c o a t  c o n c e n t r a t i o n s  
o f  a s c o rb ic  a c id  d id  n o t  i n d i c a t e  d e f i c i e n c y  in  an a p p r e c ia b le  number 
o f  s u b j e c t s ,  shou ld  be i n t e r p r e t e d  w ith  c a u t io n .  I t  would seem 
a p p r o p r ia te  to  use r e f e r e n c e  v a lu e s  o b ta in e d  from c o n t ro l  s u b j e c t s  i n
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t h i s  s tu d y  and i t  was found t h a t  p a t i e n t s ’ v a lu e s  were d i s t r i b u t e d  more 
tow ards  th e  lower end o f  th e  s c a l e  in  t h i s  s tu d y  (se e  Fig 3 .5 )  
s u g g e s t in g  in a d eq u a te  s t a t u s  in  some p a t i e n t s .
O vert s ig n s  o f  th iam in  d e f i c i e n c y  (B e r i - B e r i )  are v e ry  r a r e l y  found in  
B r i t a i n ,  and indeed  in  most w es te rn  c o u n t r i e s .  S u b - c l i n i c a l  
d e f i c i e n c y ,  however, i s  common amongst th e  i n s t i t u t i o n a l  and non- 
i n s t i t u t i o n a l  e l d e r l y  (O lder & D ic k e r s o n ,1982; K a ta k i ty  e t  a l , ,1 9 8 4 ) ,  
and our f in d in g s  o f  ap p ro x im a te ly  a t h i r d  o f  a l l  s u b je c t s  i n  t h i s  s tu d y  
hav ing  e le v a te d  TK % a c t i v a t i o n s  a r e  i n  agreem ent w ith  th e s e  r e p o r t s .  
One p o s s ib le  rea so n  fo r  th e  e le v a te d  TK % a c t i v a t i o n s  may be th e  low 
in t a k e s  o f  th e  v i ta m in  in  a t h i r d  o f  th e  p a t i e n t s .  However, t h i s  cou ld  
n o t  account e n t i r e l y  f o r  th e  f i n d in g s  a s  o n ly  8 % o f  th e  c o n t r o l s
r e c e iv e d  l e s s  th an  th e  RDA, y e t  a h ig h e r  p ro p o r t io n  had e le v a te d  TK % 
a c t i v a t i o n s .  A number o f  f a c t o r s  c o n t r i b u t e  to  th iam in  d e f i c i e n c y  in  
th e  e l d e r l y .  These in c lu d e  d e s t r u c t i o n  o f  th iam in  d u r in g  cook ing , 
d e s t r u c t i o n  in  th e  stomach by a n t a c id s  (D ickerson ,  1978), and
m a la b s o rp t io n .  As m entioned in  C hapter 1, th iam in  d e f i c i e n c y  can cause  
an im pairm ent o f  b r a in  5-HT s y n th e s i s  in  r a t s  o r  a l o s s  o f  Ach 
a c t i v i t y  (B la ss  & G ib s o n ,1980). Coupled w ith  th e  f a c t  t h a t  th ia m in  
d e f i c i e n c y  may be a cause  o f  c o n fu s io n  in  th e  e l d e r l y  (O lder  & 
D ic k e r s o n ,1982) ,  th e  f in d in g  o f  s u b - c l i n i c a l  d e f i c i e n c y  o f  th ia m in  in  a 
p ro p o r t io n  o f  our p a t i e n t s  i s  cause  f o r  conce rn ,  and may p u t  th e  su p p ly  
o f  t h i s  v i tam in  to  th e  b r a in  a t  r i s k  in  s u s c e p t i b l e  i n d i v i d u a l s .  
D rey fu s’ s (1964) th r e s h o ld  va lue  o f  15 % f o r  th e  TK % a c t i v a t i o n  was
used to  a s s e s s  th ia m in  d e f i c i e n c y .  I f ,  i n  f a c t  a v a lue  o f  25 1» was
used  in s t e a d ,  a s  su g g es ted  by Bayoumi and R osa lk i (1 9 7 9 ) ,  th e
p ro p o r t io n  having  s u b - c l i n i c a l  d e f i c i e n c y  would be s i m i l a r .  This 
f in d in g  i s  i n  c o n t r a s t  to  e a r l i e r  f i n d in g s  in v o lv in g  p a t i e n t s  w ith
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s e n i l e  dem entia  (Kershaw, 1967). These w orkers  measured whole b lood  
th ia m in ,  which does n o t  n e c e s s a r i l y  r e f l e c t  body s t o r e s  o r  f u n c t i o n a l  
c o n c e n t r a t io n  (S a u b e r l i c h ,  1967), and used r e f e r e n c e  v a lu e s  f o r  whole 
blood th iam in  o b ta in e d  from c o n t r o l s  whose ages were much l e s s  th a n  
th o se  o f  th e  p a t i e n t s .
None o f  th e  s u b j e c t s ,  p a t i e n t s  o r  c o n t r o l s ,  had any ev id en ce  o f  
s u b - c l i n i c a l  d e f i c i e n c y  o f  r i b o f l a v i n ,  and o n ly  one o f  th e  p a t i e n t s  had 
b iochem ica l ev idence  o f  p y r id o x in e  d e f i c i e n c y .  The mean v a lu e s  f o r  
p a t i e n t s  and c o n t r o l s  f o r  th e s e  two v i ta m in s  were a l s o  v e ry  s i m i l a r .  
Though t h i s  f in d in g  may appear  somewhat n e g a t iv e ,  i n  th e  sen se  t h a t  i t  
does n o th in g  to  im p l ic a te  r i b o f l a v i n  o r  v i ta m in  B6 in  th e  a e t i o l o g y  o f  
s e n i l e  dem en tia ,  i t  sheds  some l i g h t  on an o th e rw ise  n e g le c te d  a r e a .
The average  e ry th ro c y te  f o l a t e  l e v e l  was s i g n i f i c a n t l y  low er i n  
p a t i e n t s  th a n  in  c o n t r o l s ,  y e t  c a l c u l a t e d  d i e t a r y  i n t a k e s  were s i m i l a r  
between th e  groups (mean 140.5 & 139.5 ug /day  f o r  p a t i e n t s  and
c o n t r o l s ,  r e s p e c t i v e l y ) .  E ry th ro c y te  l e v e l s  r e f l e c t  long  term  s t a t u s  
w h ile  serum l e v e l s  tend  to  r e f l e c t  d a i l y  d i e t a r y  f l u c t u a t i o n s . ,  and 
mean serum v a lu e s  f o r  f o l a t e  were s i m i l a r  between th e  g ro u p s ,  a s  may be 
expec ted  from th e  s im i l a r  i n t a k e s  o f  t h i s  v i ta m in  f o r  p a t i e n t s  and 
c o n t r o l s .  However, no e x p la n a t io n  can be o f f e r e d  f o r  th e  low er 
e ry th ro c y te  l e v e l s  found in  th e  p a t i e n t s  o th e r  th a n  t h a t  t h i s  may 
r e f l e c t  abnormal m etabo lism , m a la b s o rp t io n ,  o r  in c re a s e d  u t i l i z a t i o n .  
As to  th e  f i r s t  two p o s s i b i l i t i e s ,  th e s e  a r e  u s u a l l y  a s s o c i a t e d  w ith  
c h ro n ic  a lco h o lism  or th e ra p y  w ith  a n t i c o n v u l s a n t s ,  such a s  d ip h e n y l -  
h y d an to in .  In our s tu d y  we a t te m p te d  to  r u l e  ou t such e x t ra n e o u s  
in f lu e n c e s  (S e c t io n  3 . 1 . 1 ) ,  and th e  p o s s i b i l i t y  o f  abnormal m e tabo lism  
or m a la b so rp t io n  could  on ly  be m edia ted  th rough  o th e r  f a c t o r s .
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Impairment o f  5-HT s y n th e s i s  in  f o l a t e  d e f i c i e n c y  has been proposed to  
be m ediated  th rough  th iam in  d e f i c i e n c y  (Botez e t ^ a l , , 1979), and i t  i s  
i n t e r e s t i n g  to  n o te  t h a t  a p ro p o r t io n  o f  p a t i e n t s  had s u b - c l i n i c a l  
d e f i c i e n c y  o f  th ia m in ,  and t h a t  e r y th r o c y te  f o l a t e  c o n c e n t r a t i o n s  were 
n e g a t iv e ly  c o r r e l a t e d  w ith  TK % a c t i v a t i o n s  more in  th e  p a t i e n t s  th a n  
in  th e  c o n t r o l s  (R=-0.566 f o r  p a t i e n t s  & R=-0.278 f o r  c o n t r o l s ) ,  though 
th e  c o r r e l a t i o n  was n o t  s i g n i f i c a n t (P =0.088 f o r  p a t i e n t s ) .  The f in d in g  
o f  lower e ry th ro c y te  f o l a t e  in  s e n i l e  dem entia  may be im p l ic a te d  in  th e  
a e t io lo g y  o f  s e n i l e  dem en tia .  Dementia associated _with folic acid deficiency
has been r e p o r te d  in  th e  e l d e r l y  (S nea th  e t  a l , , 1973).  Whet her_ t he
deficiency is the cause of dementia is not known. ,_________ _
There i s  some d isag reem en t as  to  th e  b e s t  method o f  a s s e s s i n g  z in c  
s t a t u s .  M etabo lic  b a lan ce  s t u d i e s  ap p ea r  to  o f f e r  th e  b e s t  i n d i c a t i o n  
o f  ’n o rm a l i ty ’ (S o lom ons,1979). However, due to  th e  ty p e  o f  p a t i e n t s  
i n v e s t i g a t e d ,  a b a lan ce  s tu d y  would p r e s e n t  m ajor d i f f i c u l t i e s  and 
in a c c u r a c i e s .  T h e re fo re ,  a ssessm en t o f  z in c  s t a t u s  was perform ed by 
measurement o f  plasma z in c .  The f in d in g s  o f  s i m i l a r  ’n o rm a l’ z in c  
l e v e l s  in  p a t i e n t s  and c o n t r o l s  l e n d s  no su p p o r t  to  B u r n e t t ’ s 
h y p o th e s is  ( B u r n e t t ,1981) t h a t  z in c  d e f i c i e n c y  i s  a m ajor cause  o f  
s e n i l e  dem en tia .  The absence o f  any c o r r e l a t i o n  o f  plasm a z in c  and age 
would seem to  be in  c o n f l i c t  w ith  th e  f in d in g s  o f  H allbook & H edelin  
(1 9 7 7 ) .  However, our s u b je c t s  were a l l  e l d e r l y ,  w hereas th o s e  o f  
H allb rook  and H edele in  (1977) in c lu d ed  younger s u b j e c t s ,  and t h e r e f o r e  
covered  a b ro ad er  age ra n g e .  These w orkers  a t t r i b u t e d  t h e i r  f i n d i n g s  
to  a f a l l  in  serum albumin w ith  age (V ir  & L o v e ,1979), a f in d in g  which 
i s  su p p o r ted  from r e s u l t s  i n  our s tu d y ,  though in  th e  c o n t r o l  s u b j e c t s  
o n ly .
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Some 60 -  70^ o f  c i r c u l a t i n g  z in c  i s  bound to  a lbum in , and i t  m ight be 
expec ted  t h a t  a r e l a t i o n s h i p  e x i s t s  between th e  c o n c e n t r a t i o n s  o f  
plasma z in c  and albumin as  was found to  be th e  case  i n  e l d e r l y  s u b j e c t s  
(V ir  & L o v e ,1979). However, a s  in  an e a r l i e r  s tu d y  w ith  e l d e r l y  
s u b je c t s  (Bunker e t  , a l , ,1 9 8 1 ) ,  no c o r r e l a t i o n  was found between th e s e  
two v a r i a b l e s .  C le a r ly ,  f a c t o r s  o th e r  th an  albumin must be r e s p o n s ib l e  
f o r  th e  z in c  l e v e l s .  E f f e c t s  due to  h igh  d i e t a r y  i n t a k e s  o f  ca lc iu m , 
by i n h i b i t i n g  i n t e s t i n a l  a b s o rp t io n  o f  z in c ,  can be r u le d  ou t i n  t h i s  
s tu d y ,  a s  ca lc ium  in ta k e s  o f  th e  p a t i e n t s  were lower th a n  th o s e  o f  th e  
c o n t r o l s .
The s i g n i f i c a n t l y  h ig h e r  mean plasma l e v e l s  o f  copper i n  th e  p a t i e n t s  
canno t be e x p la in e d  by d i e t a r y  in t a k e s  (1 .1 4  mg/day f o r  p a t i e n t s  and 
1.34 mg/day fo r  c o n t r o l s ) .  Copper, l i k e  z in c  i s  bound to  a lbum in , 
however th e r e  was no c o r r e l a t i o n  between th e s e  two v a r i a b l e s  i n  e i t h e r  
group o f  s u b je c t s  s tu d ie d .  The h ig h e r  mean l e v e l s  o f  copper found in  
th e  p a t i e n t s  could  r e s u l t  from r e l e a s e  o f  s to r e d  copper i n  th e  b r a i n  o r  
l i v e r ,  two o f  th e  main s to r a g e  s i t e s  o f  copper in  th e  body. As t h e r e  
i s  ev idence  o f  reduced  a c t i v i t y  o f  t y r o s in e  hy d ro x y lase  i n  s e n i l e  
dem entia  ( G o t t f r i e s , 1980), th e  s p i l l  over o f  copper from enzyme 
breakdown could  r e s u l t  i n  in c re a s e d  plasma l e v e l s .  However, such  
re a s o n in g  i s  p u re ly  on t e l e o l o g i c a l  g rounds .  Another p o s s i b i l i t y  i s  
t h a t  l i v e r  p r o t e i n  i s  be ing  m ob il ized  fo r  energy  p ro d u c t io n  i n  th e s e  
p a t i e n t s ,  a s  th e  energy  consumption was w e ll  below th e  RDA (96 % had 
<RDA), more so than  in  c o n t r o l s  (40% <RDA). With th e  m o b i l i z a t i o n  o f  
l i v e r  p r o t e i n ,  r e l e a s e  o f  s to r e d  copper i s  e x p e c te d .  However such 
e v e n ts  a re  ex trem ely  u n l i k e ly  to  have occured  in  our p a t i e n t s  because  
m o b i l i s a t io n  o f  l i v e r  p r o t e i n  i s  a s s o c i a t e d  w ith  f r a n k  m a l n u t r i t i o n  and 
none o f  our p a t i e n t s  had t h i s  c o n d i t io n .
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An in v e r s e  r e l a t i o n s h i p  e x i s t s  between serum r e t i n o l  l e v e l s  and 
c o n c e n t r a t i o n s  o f  z in c  and copper i n  h a i r  ( G e r s h o f f ,1 9 7 7 ) .  As mean 
r e t i n o l  l e v e l s  were s im i l a r  between th e  p a t i e n t s  and c o n t r o l s ,  and in  
th e  normal r a n g e ,  th e r e  was no rea so n  to  s u sp e c t  t h a t  serum r e t i n o l  
p layed any p a r t  in  d e te rm in in g  th e  s i m i l a r i t y  in  z in c  and copper l e v e l s  
between th e  g ro u p s .
The h ig h e r  plasma calc ium  l e v e l s  i n  th e  p a t i e n t s  could  n o t  be e x p la in e d  
by d i e t a r y  i n t a k e s  o f  ca lc ium  or v i ta m in  D (calc ium  in t a k e  was 787 
mg/day f o r  p a t i e n t s  and 921 mg/day f o r  c o n t r o l s ) . T h ia z id e  
a d m in i s t r a t io n  can cause  hyperca lcaem ia  in  th e  e l d e r l y ,  however none o f  
th e  p a t i e n t s  were ta k in g  t h i s  d ru g .  A l te re d  ca lc ium  m e tab o lism , 
p o s s ib ly  th rough  g r e a t e r  bone l o s s  in  th e  p a t i e n t s  w ith  s e n i l e
dem entia  may have p layed  a p a r t  i n  th e  h ig h e r  l e v e l s  found in  th e s e  
p a t i e n t s .  I t  i s  r e c o g n ise d  t h a t  ca lc ium  hom eostas is  i n  th e  CNS i s  l e s s  
e f f e c t i v e  th an  fo r  th e  o th e r  c a t i o n s ,  magnesium and po ta ss iu m  
(B rad b u ry ,1 9 7 9 b ) . An im pairm ent o f  th e  b lo o d -b ra in  b a r r i e r  might 
r e s u l t  in  ca lc ium  being  th e  c a t i o n  more l i k e l y  to  be a f f e c t e d ,  and to  a 
g r e a t e r  deg ree  th an  fo r  example, magnesium. I f  t h i s  o c c u r s ,  th e n  
c e r e b r a l  ca lc ium  c o n te n t  would be ex p ec ted  to  r i s e  i n  re sp o n se  t o  th e  
r a i s e d  plasma l e v e l s .  The f a c t  t h a t  th e  mean v a lu e  f o r  plasm a 
magnesium was a l s o  s i g n i f i c a n t l y  h ig h e r  i n  p a t i e n t s  th a n  c o n t r o l s  i s  
n o t  to  be tak en  on fa c e  v a lu e ,  a s  none o f  th e  p a t i e n t s  had l e v e l s  above 
th e  normal l i m i t ,  and the  s t r i c t e r  hom eostas is  t h a t  o p e r a t e s  f o r  
magnesium in  th e  CNS (B radbury ,1979b) ,  would p re c lu d e  any s i g n i f i c a n t  
re sp o n se  in  th e  b r a in  to  th e  r a i s e d  plasma magnesium l e v e l s .  A lso ,  th e  
excess  s e c r e t i o n  o f  p a r a th y ro id  hormone, which i f  c a u s in g  ca lc ium  
l e v e l s  to  be r a i s e d  above 3*5 mM, may produce p s y c h i a t r i c  syndrom es. 
In view o f  th e  f a c t  t h a t  hyperca lcaem ia  can produce memory d e f i c i t s  and
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p e r s o n a l i t y  changes (L indem ann,1982), t h i s  f in d in g  i s  o f  p o t e n t i a l  
i n t e r e s t  in  th e  a e t io lo g y  o f  s e n i l e  dem en tia .
The f in d in g  o f  lower plasma t ry p to p h a n  in  p a t i e n t s  w ith  s e n i l e  dem en tia  
su p p o r ts  th e  work o f  Shaw e t  a l .  (1981) .  The lower l e v e l s  o f  p lasm a 
t ry p to p h an  could  n o t  be due to  lower i n t a k e s  o f  t h i s  amino a c i d ,  s i n c e  
th e  fem ale p a t i e n t s  were r e c e iv in g  s im i l a r  d a i l y  amounts to  t h e i r  
c o n t r o l s ,  y e t  had lower plasma l e v e l s .  The lower bound t r y p to p h a n ,  and 
n o t  th e  f r e e  t ry p to p h a n ,  cou ld  account f o r  th e  lower t o t a l  t ry p to p h a n  
found in  th e  p a t i e n t s .  A p r o p o r t io n  o f  t ry p to p h a n  i s  bound to  a lbum in , 
a s  a l r e a d y  m entioned , and th e  albumin c o n c e n t r a t i o n s  in  th e  p a t i e n t s  
were s i g n i f i c a n t l y  lower than  in  t h e i r  c o n t r o l s .  T h e re fo re ,  th e  low er 
c o n c e n t r a t i o n s  o f  p r o t e i n  bound t ry p to p h a n  in  p a t i e n t s  cou ld  s im ply  
have been due to  th e  lower l e v e l s  o f  albumin a v a i l a b l e  f o r  b in d in g .  
S t a t i s t i c a l l y  though , t h e r e  was no c o r r e l a t i o n  between album in and th e  
bound o r  f r e e  t ry p to p h a n  c o n c e n t r a t i o n s  i n  p a t i e n t s  o r  c o n t r o l s .  The 
b in d in g  o f  try p to p h a n  to  albumin i s  weakened by NEFA (Curzon e t  
a l . , 1973). The h ig h e r  th e  NEFA c o n c e n t r a t i o n ,  th e  low er th e  
c o n c e n t r a t io n  o f  bound t ry p to p h a n ,  and t h i s  was th e  c a se  i n  th e  c o n t r o l  
group (P e a rs o n ’ s c o r r e l a t i o n  c o e f f i c i e n t  between NEFA and bound 
try p to p h an  was - 0 .5 2 9 4 ) .  The absence o f  such a c o r r e l a t i o n  in  th e  
p a t i e n t s  cou ld  s im ply  have been due to  th e  low er c o n c e n t r a t i o n s  o f  NEFA 
i n  t h i s  group w ith  i n s u f f i c i e n t  p r e s e n t  to  a f f e c t  b in d in g .
A number o f  d rugs  which a l t e r  plasma NEFA c o n c e n t r a t i o n s ,  a l s o  a l t e r  
plasma f r e e  try p to p h a n  in  th e  same d i r e c t i o n  (Curzon & K n o t t ,  1974). 
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  th e  mean NEFA c o n c e n t r a t i o n s  o f  th o s e  
p a t i e n t s  t a k in g  drugs in  t h i s  s tu d y  was lower th an  th o se  t h a t  were drug  
f r e e .  This would have th e  e f f e c t  o f  re d u c in g  th e  in f lu e n c e  o f  NEFA on
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th e  b in d in g  o f  t ry p to p h a n  to  a lbum in . The observed low ering  o f  plasm a 
f r e e  t ry p to p h a n  and th e  e l e v a t i o n  o f  bound try p to p h a n  in  th e  p a t i e n t s ,  
on drugs  i s  c o n s i s t e n t  w ith  t h i s  view. Indeed , such e f f e c t s  o f  d rugs  
on try p to p h a n  b in d in g  have been observed  by Curzon e t a l ,  (1973) in  
s tu d i e s  w ith  d ep re ssed  p a t i e n t s .  The t r e n d s  were n o t  marked, p ro b a b ly  
because  NEFA was n o t  p r e s e n t  i n  h ig h  enough c o n c e n t r a t i o n s  i n  th e  
plasma o f  th e  p a t i e n t s  to  a f f e c t  b in d in g  o f  albumin to  t ry p to p h a n  
s i g n i f i c a n t l y .
The i n s u l i n  c o n c e n t r a t i o n s  in  th e  plasma o f  th e  p a t i e n t s  w ith  s e n i l e  
dem entia  were s im i l a r  to  th o se  o f  c o n t r o l s .  Thus th e r e  was no ev id en ce  
to  su p p o r t  an e f f e c t  o f  i n s u l i n  on th e  r a t i o  o f  th e  c o n c e n t r a t i o n  o f  
t ry p to p h a n  to  th e  sum o f  th e  c o n c e n t r a t i o n s  o f  th e  o th e r  n e u t r a l  amino 
a c id s  which compete w ith  i t  f o r  e n t r y  i n t o  th e  b r a in  ( F e r n s t r o m ,1972). 
D ie ta ry  t ry p to p h a n  i s  used n o t  o n ly  f o r  5-HT p ro d u c t io n ,  b u t  i s  
m e tab o l is ed  v ia  th e  kynuren ine  pathway f o r  p ro d u c t io n  o f  n ic o t in a m id e ,  
among o th e r  s u b s ta n c e s .  T h e re fo re ,  i t  i s  p o s s i b l e  t h a t  th e  low er 
l e v e l s  o f  plasma t ry p to p h a n  in  th e  p a t i e n t s  could  have been due to  
s t im u la t io n  o f  th e  kynuren ine  pathway. This was u n l i k e l y  to  have been 
th e  case  in  t h i s  s tu d y  as  th e  NM N/creatinine e x c r e t i o n  by th e  fem ale  
p a t i e n t s  was lower than  t h a t  o f  c o n t r o l s .  This does n o t  r u l e  o u t  th e  
p o s s i b i l i t y  o f  s t im u la t io n  o f  th e  kynuren ine  pathway a l t o g e t h e r ,  o n ly  
t h a t  s t im u la t io n  w ith  r e s p e c t  to  NMN e x c r e t io n  was u n l i k e l y  to  acc o u n t  
f o r  th e  d i f f e r e n c e  in  plasma t ry p to p h a n  l e v e l s  between th e  g ro u p s .  
Other m e ta b o l i t e s  in  th e  pathway would have to  be measured to  c l a r i f y  
th e  s i t u a t i o n .
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C H A P T E R  4
THE EFFECTS OF MULTIVITAMIN SUPPLEMENTATION IN SENILE DEMENTIA
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4.1  Introduct ion
In  view o f  th e  ev idence  o f  low v i ta m in  s t a t u s  o b ta in e d  in  our s tu d y  
(se e  Chapter 3 ) ,  i t  was dec ided  to  i n v e s t i g a t e  th e  c l i n i c a l  e f f e c t s  o f  
a cou rse  o f  v i ta m in  su p p lem en ta t io n  in  p a t i e n t s  w ith  s e n i l e  dem en tia .
Vitamin C s u p p le m e n ta t io n ,  f o r  example, has  been shown to  in c r e a s e  th e  
w e ll  be ing  o f  e l d e r l y  s u b je c t s  ( S c h o r a h ,1979), and produces  b io c h em ic a l  
improvement in  e l d e r l y  s u b je c t s  w ith  o r a l  a d m in i s t r a t io n  o f  200 mg/day 
a s c o rb ic  a c id  over 3 days ( G r i f f i t h s , 1967). Oral a d m in i s t r a t i o n  o f  
th iam in  (20 m g/day), r i b o f l a v i n  (10 mg/day) o r  v i ta m in  B6 (20 mg/day) 
over a 12 day p e r io d  to  g e r i a t r i c  p a t i e n t s  cau ses  s h i f t s  o f  e r y th r o c y te  
t r a n s k e t o l a s e  (TK), g lu t a th i o n e  r e d u c ta s e  (GR) and a l a n in e  a s p a r t a t e -  
amino t r a n s f e r a s e  (ALT) a c t i v a t i o n  c o e f f i c i e n t s  tow ards  normal v a lu e s  
(Hoorn e t  a l , , 1975); and m u l t iv i ta m in  su p p lem en ta t io n  t h a t  in c lu d e d  
r i b o f l a v i n  (15 mg) and n ic o t in a m id e  (50 mg) d a i l y  has  been a s s o c i a t e d  
w ith  d is ap p ea ran ce  o f  c h e i l o s i s  and improved appearance  o f  th e  dorsum 
o f  th e  tongue (Dymock & B r o c k le h u r s t ,1973)• In th e  l a t t e r  s tu d y ,  16 
p a t i e n t s  w ith  s e n i l e  dem entia  were in c lu d e d  amongst th e  126 g e r i a t r i c  
p a t i e n t s  i n v e s t i g a t e d .  However, r e s u l t s  f o r  th e se  p a t i e n t s  were n o t  
r e p o r te d  s e p a r a t e ly  nor was i t  c l e a r  w hether any o r  a l l  o f  th e s e  
s u b je c t s  formed p a r t  o f  th e  a c t i v e  o r  p lacebo  g roup . This l a c k  o f  
in fo rm a t io n  i s  common and i l l u s t r a t e s  th e  p o in t  t h a t  t h e r e  i s  a 
s c a r c i t y  o f  s y s te m a t ic  s tu d i e s  i n  th e  l i t e r a t u r e  on th e  c l i n i c a l  
e f f e c t s  o f  v i ta m in  su p p lem en ta t io n  i n  s e n i l e  dem en tia .
C l i n i c a l  improvement w ith  r e s p e c t  to  v i ta m in  d e f i c i e n c y  s ig n s  is o f  
obvious im portance to  the  h e a l th  and n u t r i t i o n  o f  th e  p a t i e n t .
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However, o f  more d i r e c t  r e le v a n c e  to  th e  a e t io lo g y  o f  s e n i l e  dem entia  
i s  w hether v i ta m in  su p p lem en ta t io n  can r e s u l t  i n  improvement i n  m enta l 
f u n c t io n ;  improvement t h a t  i s  l i k e l y  to  be m ediated  th ro u g h  in c re a s e d  
a v a i l a b i l i t y  to  th e  b r a in  o f  n u t r i e n t s  e s s e n t i a l  f o r  n e u r o t r a n s m i t t e r  
f u n c t io n .  There i s  ev idence  p e r t a i n i n g  to  t h i s :  t e t r a h y d r o b i o p t e r i n
s y n th e s i s  i s  s t im u la te d  in  r a t  b r a in  p r e p a r a t io n s  when f o l a t e  o r  
v i ta m in  B12 i s  a d m in is te re d ,  an e f f e c t  f u r t h e r  e s t a b l i s h e d  in  human 
tem pora l c o r te x  p r e p a r a t io n s  ( B l a i r  e t . a l , ,1984 ),  Moreover a r e v e r s i b l e  
form o f  dem entia  has been re c o g n ise d  t h a t  responds  to  f o l a t e  th e ra p y  
(S tra c h a n  & H en d erso n ,1967). A lso , i t  has  been known f o r  some tim e 
t h a t  th e  m enta l symptoms a s s o c i a t e d  w ith  b e r i - b e r i  o r  p e l l a g r a  a r e  
removed upon a d m in i s t r a t io n  o f  B v i t a m in s .  Recent s t u d i e s  on th e  
e f f e c t s  o f  h ig h  a s c o rb ic  a c id  in t a k e s  on th e  m e tabo lism  o f  
ca tech o lam in e s  i n  th e  r a t  have been d i s a p p o in t in g  (B ehrens & 
Madere, 1980) .  These w orkers  found no s i g n i f i c a n t  d i f f e r e n c e  in  th e  
l e v e l s  o f  DA, NE, a d r e n a l in e  o r  dopamine B -hydroxylase  i n  th e  b r a i n ,  
though b r a in  a s c o rb ic  a c id  c o n te n t  was m a rg in a l ly  e l e v a t e d .  I t  i s  
im p o r ta n t  o t  n o te  t h a t  aged r a t s  were n o t  used in  th e  i n v e s t i g a t i o n  
d e s c r ib e d  above, and so e x t r a p o l a t i o n  to  e l d e r l y  s u b j e c t s  w ith  s e n i l e  
dem entia  canno t be made w ith  any c o n v ic t io n ,  i f  a t  a l l .
Vitamin B12 d e f i c i e n c y  can cause  a 
b r a in  l e s i o n  c o n s i s t i n g  o f  cerebrum w hite  m a t te r  d e g e n e ra t io n  (Adams & 
Kubik,1944) and a b n o rm a l i t i e s  in  th e  e lec tro en c ep h a lo g ra m  (Sampson e t  
a l , , 1952 ) ,  and reduced cerebral g lucose co n su m p tio n ^ h ein b erg , 1951 ) a r e  a l l  
a s s o c ia t e d  w ith  p e rn ic io u s  anaemia. Treatment w ith  v i ta m in  B12 has  been 
t r i e d  w ithout much s u c c e s s ;  o f  th e  4 p a t i e n t s  i n j e c t e d  w ith  v i ta m in  B12 
(lOOOug/day f o r  th e  f i r s t  th e n  lOOOug weekly f o r  about 5 m o n th s) ,  1 
showed improvement in  ward o r i e n t a t i o n ,  2 were unchanged and 1 became
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w o rse .
4 .2  Methodology
4 .2 .1  S u b je c t s ,a n d .S tu d y^Design
Ten fem ale p a t i e n t s  w ith  s e n i l e  dem entia  (mean age 7 9 .5  y e a r s ,  
r a n g e : 69-88 y e a r s )  were s e l e c t e d  from th e  o r i g i n a l  group used  f o r  
a s s e s s in g  n u t r i t i o n a l  s t a t u s  (C hap te r  3; 3 . 2 . 1 ) ,  and te n  s e x - m a tc h e d
c o n t r o l  s u b je c t s  (mean age 7 7 .5  y e a r s ,  r a n g e : 68-85) were o b ta in e d  
fo l lo w in g  l o c a l  a d v e r t i s i n g ,  and s e l e c t e d  acc o rd in g  to  c r i t e r i a  
d e s c r ib e d  p r e v io u s ly  (C hap ter  3; 3 .2 .1 )
At the  s t a r t  o f  th e  i n v e s t i g a t i o n ,  psychom etry t e s t s  c o n s i s t i n g  o f  th e  
Higher N eu ro lo g ic a l  Func tion  S ca le  (HNF) and th e  M ental T es t Score 
(MTS) (H o d k in so n ,1973), a s  w e ll  as  a N urse s ’ r a t i n g  s c a l e  were 
performed on each  p a t i e n t  by a p s y c h o g e r i a t r i c i a n .  A 3-day weighed 
d i e t a r y  in ta k e  was performed on each  s u b j e c t  (Denise Thomas), and a t  
th e  end o f  th e  t h i r d  day o f  m o n i to r in g  th e  d i e t ,  a f a s t i n g  b lood  sample 
was taken  by venepunc ture  w ith  s t a s i s .  These were t r e a t e d  and an a ly se d  
as d e s c r ib e d  p re v io u s ly  (C hap ter  3; 3 . 2 . 2 ) .
The s u b je c t s  were g iven  one t a b l e t  each  o f  O ro v ite  and P re g n a v i te  F o r te  
F ( f o r  com position  o f  t a b l e t s  see  Table 4 . 1 ) .  At th e  end o f  th e  
su p p lem en ta t io n  p e r io d ,  weighed d i e t a r y  i n t a k e s ,  b io c h em ic a l  a n a ly s e s  
and psychometry t e s t s  were performed e x a c t ly  as  b e fo re  su p p le m e n ta t io n  
and in  th e  same o r d e r .
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Table 4 .1 Composition, o f  V i t k i n  T a b le ts  : 
P re g n a v i te ,  F o r te .  F, ,and , Q rpy ite
N u t r ie n t Amount
F errous  Su lpha te  84 mg. (2 5 .2  mg Fe e q u iv . )
F o l ic  Acid 0 .1 2  mg
Vitam in A 1333 I .U .
C a l c i f e r o l 133 I .U .
Thiamine H ydroch loride  5 9 .5  mg
R ib o f la v in e 5 .5  mg
P yridox ine  H ydroch loride  5 .33  mg
N icotinam ide 205 mg,
A scorbic  Acid 113.3  mg
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4 . 3  Results
At th e  s t a r t  o f  th e  th e  i n v e s t i g a t i o n ,  th e  p a t i e n t s  had lower 
plasma and b u f fy  c o a t  a s c o rb ic  a c id  c o n c e n t r a t io n  and serum f o l a t e  
l e v e l s  than  th e  c o n t r o l s  (Tab le  4 . 2 ) .  The p a t i e n t s  a l s o  had 
s i g n i f i c a n t l y  h ig h e r  AST % a c t i v a t i o n s  th a n  th e  c o n t r o l s ,  though 
none had v a lu e s  i n d i c a t i v e  o f  d e f i c i e n c y .
Reference v a lu e s  used to  a s s e s s  n o rm a l i ty  were th e  same a s  th o s e
d e s c r ib e d  p r e v io u s ly  (C hapter  3; 3 . 3 . 1 ) ,  and i t  was found t h a t
s i g n i f i c a n t l y  more p a t i e n t s  th a n  c o n t r o l s  had sub-norm al v a lu e s  o f  
plasma (100 %) and b u ffy  c o a t  (60 %) a s c o rb ic  a c id  and o f  serum f o l a t e
(40 %).
A f te r  th e  su p p lem en ta t io n  p e r io d ,  b io ch em ica l  s t a t u s  w ith  r e s p e c t  to  
a l l  v i ta m in s  s tu d i e d ,  ex cep t r e t i n o l ,  improved s i g n i f i c a n t l y  i n  b o th  
p a t i e n t s  and c o n t r o l s  (F ig  4 .1 a  -  4 .1 h ) .  Moreover, mean v a lu e s  f o r  
p a t i e n t s  approached c o n t r o l  v a lu e s ,  b u t  a t  th e  end o f  th e
su p p lem en ta t io n  p e r io d ,  t h e r e  were s t i l l  s i g n i f i c a n t  d i f f e r e n c e s  i n  TK 
and GR a c t i v a t i o n s  (%) and serum and e r y th r o c y te  f o l i c  a c id  between th e  
p a t i e n t s  and the  c o n t r o l s .  Three o f  th e  p a t i e n t s  and t h r e e  o f  th e  
c o n t r o l s  s t i l l  had e l e v a te d  TK % a c t i v a t i o n s ,  i n d i c a t i v e  o f  th ia m in  
d e f i c i e n c y .
R e su l ts  o f  th e  psychometry t e s t s  showed a s l i g h t  o v e r a l l  improvement i n  
th e  HNF and MTS r a t i n g s ,  bu t n o t  in  th e  N u rse s ’ sco re  (T ab le  4 . 3 ) .  
Three o f  th e  te n  p a t i e n t s  showed improvement i n  th e  HNF and MTS s c a l e s ;  
one o f  th e s e  a l so  improved acc o rd in g  to  th e  N urse s’ s b eh av io u r  s c a l e .  
This s u b j e c t  had an a p p re c ia b ly  h ig h e r  i n i t i a l  sco re  on th e  psychom etry
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Table 4 .2  V itam in S ta tu s  o f  P a t i e n t s  w ith  S e n i le  Dementia
and H ealthy  C on tro l S u b je c ts  b e fo re  su p p lem en ta t io n
V itam in No. Mean S.D % Below
Normal
A scorbic Acid:
Plasma (mg/100 ml)
P a t i e n t s  l o  * * 0 .  14 0 .08  100 ##
C o n t r o l s  iq  0 .78  0.41 10
B uffy L a y e r (u g /10^ c e l l s )  .
P a t i e n t s  iq  * 1 7 .5  4 .8  60
C o n t r o l s  -jo 3 9 .0  13 .2  10
Thiamin :
TK % A c t iv a t io n
P a t i e n t s  iO 22 19 40
C o n t r o l s  io  32 29 60
R ib o f la v in  :
GR % A c t iv a t io n
P a t i e n t s ........................................10 35 27 10
C o n t r o l s ........................................10 48 29 20
V itam in B-6:
AST % A c t iv a t io n
P a t i e n t s ........................................10 55 14 0
C o n t r o l s ........................................10 45 34 10
F o l ic  Acid (ng/m l)
Serum ^
P a t i e n t s ....................................... 10 2 .1  1 .3  40 #
C o n t r o l s ........................................io  3 .5  0 .8  0
E ry th ro c y te
P a t i e n t s ....................................... 10 396 148 0
C o n t r o l s ....................................... io  472 129 0
R e t in o l  (ug/100 ml)
P a t i e n t s ....................................... 10 66 .4  22 .9  20
C o n t r o l s ....................................... io  5 6 .8  3 3 .9  30
a -  normal v a lu e s ,  see  Table 3 .2
T -T est P value  shown * when P<0.05; ** when P<0.001 
Chi^ T est P va lue  shown # when P<0.05; ## when P<0.01
F i g .  4 . 1  V i t a m i n  S t a t u s  o f  P a t i e n t s  w t t h  S e n i l e  D e m e n t i a  
a n d  C o n t r o l  S u b j e c t s  a n d  ' t h e  e f f e c t s  o f *  
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r a t i n g s  compared to  th e  o th e r  p a t i e n t s .
4 . 3 .1  S u p p lem en ta ry ,R esu lts
I t  i s  p o s s i b l e  t h a t  any d e m o n s tra ta b le  e f f e c t  on p s y c h o lo g ic a l  fu n c t io n  
may n o t  be due to  v i ta m in  su p p lem en ta t io n  per  s e ,  b u t  to  a l t e r e d  
try p to p h a n  o r  m in e ra l  m etabolism  th rough  n u t r i e n t - n u t r i e n t  
i n t e r a c t i o n s .  The s tu d y  a f fo rd e d  th e  o p p o r tu n i ty  to  i n v e s t i g a t e  
p o s s i b le  e f f e c t s  on plasma c o n c e n t r a t i o n s  o f  t ry p to p h a n  and r e l a t e d  
v a r i a b l e s  and o f  th e  m in e ra ls  z in c ,  co p p er ,  magnesium and ca lc iu m , and 
th e  r e s u l t s  a r e  shown in  Tables  4 .4  and 4 .5 ,  r e s p e c t i v e l y .
The c o n c e n t r a t io n s  o f  t o t a l  and bound try p to p h a n  were i n i t i a l l y  low er 
in  th e  p a t i e n t s  th a n  in  th e  c o n t r o l s .  C o n c e n tra t io n s  o f  th e  o th e r  
v a r i a b l e s  measured were s i m i l a r  between th e  g ro u p s .  Values a f t e r  
su p p lem en ta t io n  were n o t  s t a t i s t i c a l l y  d i f f e r e n t  to  i n i t i a l  v a lu e s  in  
e i t h e r  group o f  s u b j e c t s .  F u rtherm ore ,  th e  d i f f e r e n c e s  t h a t  were 
dem onstra ted  between p a t i e n t s  and c o n t r o l s  b e fo re  s u p p lem en ta t io n  were 
s t i l l  p r e s e n t  a f t e r  su p p le m e n ta t io n ,  i . e .  s i g n i f i c a n t l y  low er t o t a l  
and bound try p to p h an  in  th e  plasma o f  th e  p a t i e n t s . As f o r  th e  t r a c e  
m in e r a l s ,  z in c  and copper ,  and th e  m in e ra ls  ca lc ium  and magnesium, mean 
l e v e l s  were s im i l a r  b e fo re  and a f t e r  s u p p le m e n ta t io n ,  w i th in  o r  between 
th e  g ro u p s .
A lso , from th e  d es ig n  o f  th e  s tu d y ,  d a ta  was o b ta in e d  which t o g e th e r  
w ith  d a t a  o b ta in e d  up to  2 y e a r s  p r e v io u s ly  i n  th e  same s u b j e c t s  
com prised in fo rm a tio n  t h a t  was e f f e c t i v e l y  o f  a fo l low -up  s tu d y .
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Mean
i 4 .3 Psychometry S c o r e s . f o r . P a t i e n t s , Before and A f te r
V i t k i n ,  S upplem enta tion
P a t i e n t N u rse s ’ Score HNF + MTS
B efore A f te r Before A f te r
B.H___ ................................  27 28 0 0
A.W___ ................................  27 29 0 0
L.D___ 20 1 2#
E .F ___ 24 1 1
M. J ___ 25 0 0
E .F ___ 25 0 0
B .F ___ 8# 58 69#
C .S___ ................................  16 14# 3 2
R.B___ ................................  14 15 6 7#
R.G___ 18# 1 1
20 .7 20 .4 7 8 .2
Number showing improvement
1 See Methodology
# i n d i c a t e s  th o se  showing improvement.
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Table 4 ,4  T ry p to p h a n .a n d .R e la te d ,V a r ia b le s  i n  th e ,P la sm a
of. th e .  S u b je c t s , .  B efo re .an d .  A f te r .  V i t k i n .  S upp lem en ta tion
V alues a r e  means and s ta n d a rd  d e v i a t io n s  ( )
P a t i e n t s . ( n = 1 0) 
B efore  A f te r
C o n tro ls . (n = 1 0 )  
Before A f te r
T o ta l  Tryptophan 
(n Mole/ml)
Bound Tryptophan 
(n mole/ml)
Free Tryptophan 
(n mole/ml)
Albumin (mg/ml)
* 5 1 .3  (7 .3 )  *48.8 (5 .9 )  5 9 .0  (8 .8 )  5 8 .0  (1 0 .5 )
% %
4 0 .5  (7 .6 )  3 9 .2  (5 .6 )  4 8 .0  (8 .8 )  4 6 .7  (9 .7 )
10.8 (1 .4 )  9 .5  (1 .2 )  11.0  (1 .8 )  11 .2  (1 .3 )
3 6 .0  (7 .9 )  3 3 .0  (2 .4 )  36.1 ( 2 .3 )  38.1  ( 5 .2 )
N o n e s te r i f i e d  f a t t y -
a c id s  ( n m o le /m l)  0 .37  (0 .1 2 )  0 .36  (0 .1 5 )  0 .37  (0 .1 6 )  0 .4 0  (0 .1 3 )
* S i g n i f i c a n t l y  lower th an  f o r  c o n t r o l s  (T -T est P <0.05)
Table  4 .5 M inera l ,  S t a t u s .o f .S u b je c t s .B e f o r e .a n d  
A f te r .  V i t k i n .  S upplem enta tion
V alues a r e  means and s ta n d a rd  d e v i a t i o n s  ( )
Zinc (mM) 
Copper (mM) 
Magnesium (mM) 
Calcium (mM)
P a t i e n t s  
B efore  A f te r
11.2  ( 1 . 8 ) 12.2  ( 1 . 7 )
18.6  (3 .7 )  18 .3  (3 .6 )
0 .79  (0 .0 4 )  0.81 (0 .0 7 )
3 .85  (0 .0 5 )  3 .66  (0 .2 1 )
C o n tro ls  
B efore A f te r
13.1 (2 .3 )  13.1 ( 2 .2 )
18.1 (3 .0 )  17 .3  ( 2 .1 )
0.81 (0 .0 4 )  0 .79  (0 .0 6 )  
3 .72  (0 .3 5 )  3 .39  (0 .8 0 )
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Mean v a lu e s  f o r  a l l  th e  v i ta m in  m easurem ents, excep t e r y th r o c y te  f o l i c  
a c id  (T ab le  4 .6 )  in d i c a te d  t h a t  th e  p a t i e n t s ’ s t a t u s  w ith  r e s p e c t  to  
th e  v i ta m in s  -  a s c o rb ic  a c i d ,  th ia m in ,  r i b o f l a v i n ,  v i ta m in  B6 and f o l i c  
a c id  -  d e c l in e d  over th e  1-2 y e a r  p e r io d .  Trends were more marked f o r  
plasma and b u f f y l a y e r  a s c o r b ic  a c i d ,  TK % a c t i v a t i o n  and serum f o l i c  
a c id .  This i s  emphasised by th e  f in d in g  t h a t  a lm ost a l l  th e  p a t i e n t s  
(between 50 -  100 %) showed lower s t a t u s  w ith  r e s p e c t  t o  th e  above
measurements a f t e r  be ing  in  th e  h o s p i t a l  f o r  a p e r io d  o f  1-2 y e a r s .  In 
c o n t r a s t ,  th e  p a t i e n t s  had an in c re a s e d  mean red  c e l l  f o l i c  a c id  
c o n c e n t r a t io n  over th e  same p e r io d .
The d a ta  fo r  try p to p h an  and r e l a t e d  v a r i a b l e s  a r e  shown in  Table  4 .7 .  
As can be seen ,  i n i t i a l  mean v a lu e s  f o r  a l l  v a r i a b l e s  was com parable to  
v a lu e s  o b ta in e d  a f t e r  1-2 y e a r s .  The same was t r u e  f o r  th e  t r a c e  
m in e ra ls  z in c  and copper (T ab le  4 . 8 ) .  Moreover, one s u b j e c t  i n i t i a l l y  
had th e  low es t z in c  and the  lo w es t  copper plasma c o n c e n t r a t i o n s ,  and 
th e  same s u b je c t  had the  lo w es t  v a lu e s  f o r  th e se  two n u t r i e n t s  a f t e r  
1-2 y e a r s  o f  be ing  in  th e  h o s p i t a l .
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Table 4 . 6 Comparison, o f  t h e . N u t r i t i o n a l . S t a t u s ,  o f  P a t i e n t s  
w i th .S e n i l e .D e m e n t i a .o y e r . a .1^2.y e a r . p e r i o d . o f  
H o s p i t a l i s a t i o n
Measurement I n i t i a l  
No. Mean S.D.
A f t e r . 1^2 .y e a r s  
Mean S.D. No. showing 
lower s ta tu s
Plasma a s c o rb ic  a c id :
(mg/IOOml) 10 0.31 0 .27
%
0.14  0 .08  6 (60%)
Buffy Coat a s c o rb ic
a c i d :  (ug /10  c e l l s )  8 2 6 .2  13.5
X
17.1 5 .0  8 (100%)
TK% A c t iv a t io n
X
5 .5  7 .4  2 9 .0  18.0 5 (83%)
GR% A c t iv a t io n 10 33 .4  18.1 46 .0  2 7 .0  6 (60%)
AST% A c t iv a t io n 10 53 .5  2 7 .8  55 .0  14.0  5 (50%)
Serum F o la te  (ng/m l) 8
%
7 . 7  2 . 9  2 . 1  1 . 3  8 ( 100%)
E ry th ro c y te  f o l a t e  
(ng/m l)
%
9 142.5 112.3 395.6  147.3 2 (22%)
p a i rw is e  d e l e t i o n  used on SPSS programs 
T-Test P value  shown * when P<0.05
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T able  4 .7  Plasma. T r y p t o p h a n .a n d .R e l a te d ,V a r ia b l e s . in .P a t i e n t s ,  
, w i th .S e n i le ,D e m e n t ia .o y e r .a .F o l lo w rU p .P e r io d .
Values a r e  means and s ta n d a rd  d e v ia t io n s  ( )
Measurement No. I n i t i a l  A f te r  1-2 y e a r s
T o ta l  Tryptophan 10 4 7 .4  ( 9 .4 )  5 1 .3  ( 7 .3 )
(n mole/ml)
Free Tryptophan 10 10.6  (1 .6 )  10 .8  ( 1 .4 )
(n mole/ml)
Bound Tryptophan 10 36 .8  ( 8 .2 )  4 0 .5  ( 7 .6 )
(n mole/ml)
Albumin 10 3 9 .3  (3 .2 )  3 6 .0  ( 7 .8 )
(mg/ml)
N o n e s te r i f i e d  F a t t y -  0 .35  (0 .2 0 )  0 .37  (0 .1 2 )
Acid (n  mole/ml) 10
Table 4 .8  M i n e r a l . S t a t u s . o f . P a t i e n t s . w i t h . S e n i l e . . Dementia
o y e r .a .F o l lo w r u p . P e r io d ,
Values a r e  means and s ta n d a rd  d e v ia t io n s  ( )
Measurement No. I n i t i a l  A f te r  1-2 y r s .  No w ith
lower, s t a t u s
Zinc ( u mole/ml) 7 12 .3  (2 .3 )  11 .6  (1 .9 )
Copper (u  mole/ml) 7 17.9  ( 5 .1 )  18 .6  (4 .2 )
Magnesium 4 0.91 (0 .1 5 )  0 .8 0  (0 .0 4 )
(m mole/ml)
Calcium 4 2 .62  (0 .3 7 )  3 .87  (0 .04 )
(m mole/ml)
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4 . 4  D iscuss ion
The p a t i e n t s  i n  t h i s  s tu d y  were o b ta in e d  from the  group o f  p a t i e n t s  i n  
an e a r l i e r  s tu d y  (C hap ter  3 ) ,  so i t  was n o t  s u r p r i s i n g  to  f in d  t h a t  th e  
n u t r i t i o n a l  s t a t u s  o f  th e s e  p a t i e n t s  a t  th e  s t a r t  o f  th e  
su p p lem en ta t io n  p e r io d  compared to  c o n t r o l  v a lu e s ,  was com parable to  
t h a t  found p r e v io u s ly  (C hap ter  3; 3 .3 )»  v i z .  lower v i ta m in  C and
f o l i c  a c id  s t a t u s .  Of i n t e r e s t  i s  th e  f a c t  t h a t  th e  n u t r i t i o n a l  s t a t u s  
o f  th e  p a t i e n t s  d e c l in e d  m arkedly  over a 1-2 y ea r  p e r io d ;  p lasm a and 
b u f fy  la y e r  a s c o rb ic  a c id  and serum f o l i c  a c id  d e c l in e d  s i g n i f i c a n t l y  
and TK % a c t i v a t i o n s  were s i g n i f i c a n t l y  e l e v a te d .  This d e c l in e  in  
v i ta m in  s t a t u s  cou ld  n o t  be accoun ted  f o r  by d i e t a r y  p r o v i s io n s ,  a s  th e  
3-day weighed d i e t a r y  i n t a k e s  o f  th e  v i ta m in s  were s i m i l a r  a t  th e  s t a r t  
and a t  th e  end o f  th e  fo l lo w  up p e r io d .  D ie ta ry  d a ta  o b ta in e d  on 
fo l lo w  up su g g e s ts  t h a t  th e  inadequacy  o f  th e  d i e t ,  e v id e n t  a t  th e  
beg in n in g  (se e  Chapter 3 » ;3 .4 )  was co n t in u ed  over th e  fo l lo w  up p e r io d .  
Such a pro longed p e r io d  o f  inadequacy  may accoun t f o r  th e  d e c l in e  in  
b iochem ica l s t a t u s  o b se rv ed ,  b u t  th e  s i t u a t i o n  i s  l i k e l y  to  be more 
complex in  view o f  th e  n a tu re  o f  th e  p a t i e n t s  i n v e s t i g a t e d .
The p ro g n o s is  f o r  p a t i e n t s  w ith  s e n i l e  dem entia  i s  a downward s p i r a l  o f  
m enta l and p h y s ic a l  d i s a b i l i t i e s  t h a t  cu lm in a te s  i n  d e a th  o f  th e  
p a t i e n t  w i th in  2-4  y e a r s  ( B l e s s e d , 1980). Such a p ro g n o s is  i s  r e f l e c t e d  
in  th e  m o rb id i ty  r a t e  o f  th e  group o f  p a t i e n t s  o r i g i n a l l y  c o l l e c t e d .  
Of th e  23 p a t i e n t s  o r i g i n a l l y  i n v e s t i g a t e d ,  12 had d ie d  by th e  t im e  th e  
fo l lo w  up s tu d y  had commenced. The n u t r i t i o n a l  d e f i c i e n c i e s  found were 
most l i k e l y  due to  an e x a c e rb a t io n  o f  th e  c o n d i t io n ;  a v i s c i o u s  c i r c l e  
o f  e v e n ts  such t h a t  n u t r i t i o n a l  d e f i c i e n c i e s  c o n t r i b u t e s  to  p h y s ic a l  
and m enta l im pairment which in  tu r n  c o n t r i b u t e s  to  low n u t r i t i o n a l
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s t a t u s ,  and so on (D ickerson ,  1982). The r e s u l t s  o f  th e  fo l lo w -u p  s tu d y  
r e g a rd in g  v i ta m in  s t a t u s  cou ld  n o t  answer th e  im p o r tan t  q u e s t io n -d o e s  
low n u t r i t i o n a l  s t a t u s  p la y  a m ajor p a r t  i n  a f f e c t i n g  th e  developm ent 
o f  s e n i l e  dem entia  seen  in  th e  p o p u la t io n ?  However, by n e g a t io n ,  th e  
r e s u l t s  l e n d s  s u p p o r t  to  th e  h y p o th e s i s .  I f  n u t r i t i o n a l  d e f i c i e n c i e s  
were n o t  a cause o f  th e  c o n d i t io n ,  th e n  p a t i e n t s ’ n u t r i t i o n a l  s t a t u s  
would n o t  be expec ted  to  d e c re a se  m arkedly  w ith  t im e ,  though o f  c o u r s e ,  
p ro longed  d i e t a r y  s t a t u s  r e s u l t s  i n  d e f i c i e n t  b io ch em ica l  inadequacy  i n  
normal s u b j e c t s .  The f a c t  t h a t  th e  t h r e e  v i ta m in s  im p l ic a te d  e a r l i e r ,
i . e .  a s c o rb ic  a c i d ,  th iam in  and f o l i c  a c id  were th o se  t h a t  showed th e  
most s i g n i f i c a n t  d e c l in e  d u r in g  th e  fo l lo w  up p e r io d  i s  i n  i t s e l f  a 
s i g n i f i c a n t  f i n d i n g .  th e  im portance  o f  th e s e  n u t r i e n t s  to  b r a in  
monoamine m etabolism  and m en ta l fu n c t io n  has been d i s c u s s e d  p r e v io u s ly  
(se e  Chapter 1 ) .  At th e  r i s k  o f  r e p e t i t i o n ,  th e s e  n u t r i e n t s  a r e  
a s s o c ia t e d  w ith  im paired  5-HT s y n th e s i s  i n  r a t s  (Botez e t  a l , 1979; 
P l a i t a k i s  e t  a l , ,1978) and co n fu s io n  in  th e  e l d e r l y  (O lder  & D ic k e rso n ,
1979).
In C o n tra s t  to  th e  v i t a m in s ,  fo l lo w  up r e s u l t s  f o r  t ry p to p h a n  and 
r e l a t e d  v a r i a b l e s  do n o t  s u g g e s t  an e x a c e rb a t io n  o f  a b n o r m a l i t i e s  i n  
th e  plasma t o t a l  and bound t ry p to p h an  seen  e a r l i e r .  Plasma t o t a l  and 
bound try p to p h an  and albumin c o n c e n t r a t i o n s  were s t i l l  s i g n i f i c a n t l y  
lower than  c o n t r o l  v a lu e s ,  which s u b s t a n t i a t e s  th e  e a r l i e r  f i n d i n g s ,  
and which, a s  d is c u s s e d  p r e v io u s ly  ( c h a p te r  3) may p u t  th e  s u p p ly  o f  
t ry p to p h a n  to  th e  b r a in  a t  r i s k  i n  s u s c e p t i b l e  i n d i v i d u a l s .  Whether o r  
n o t  p h y s io lo g ic a l  req u ire m en ts  a l t e r  w ith  th e  n a t u r a l  p r o g r e s s io n  o f  
th e  d i s e a s e  i s  a m a t te r  f o r  f u r t h e r  i n v e s t i g a t i o n .  NMN e x c r e t i o n  d a t a  
was n o t  a v a i l a b l e ,  though such in fo rm a t io n  could  be o f  v a lu e  in  
e l u c id a t in g  w hether th e  m a in ta in an ce  o f  th e  plasma t ry p to p h a n  l e v e l s
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were caused by changes i n  e x c r e t io n  o f  NMN w ith  th e  p r o g re s s io n  o f  th e  
d i s e a s e .
A f te r  th e  p e r io d  o f  su p p le m e n ta t io n ,  th e  % a c t i v a t i o n s  o f  th e  enzymes 
TK, GR and AST d ec re ase d  s i g n i f i c a n t l y  a s  expec ted  from e a r l i e r  s t u d i e s  
w ith  g e r i a t r i a c s  (Hoorn e t . . a l , ,1 9 7 3 ) .  L ikew ise , t h e r e  were 
improvements in  plasma and b u ffy  l a y e r  a s c o r b ic  a c id  l e v e l s  and serum 
f o l a t e  w ith  su p p le m e n ta t io n .
Except f o r  v i tam in  B6 and red  c e l l  f o l i c  a c i d ,  where th e  p a t i e n t s  
showed b e t t e r  r e s p o n se ,  th e  p a t i e n t s ’ mean v a lu e s  o f  th e  measurements 
approached those  o f  c o n t r o l  v a lu e s ,  w h ile  never a c t u a l l y  a t t a i n i n g  
them. With plasma and b u f fy  la y e r  a s c o r b ic  a c id  th e  d i f f e r e n c e s  a t  th e  
end o f  th e  su p p lem en ta t io n  p e r io d  were n o t  s i g n i f i c a n t ,  and cou ld  be 
e x p la in e d  by th e  lower i n i t i a l  l e v e l s  in  th e  p a t i e n t s .  D ie ta ry  i n t a k e s  
appeared  n o t  to  c o n t r i b u te  to  th e  f i n d in g s  as  n u t r i e n t  i n t a k e s  b e fo re  
and a f t e r  th e  s tu d y  were s i m i l a r  i n  p a t i e n t s  and c o n t r o l s .  The same 
a p p l ie d  to  serum f o l i c  a c i d ,  i . e  d i f f e r e n c e s  a t  th e  end o f  th e  
su p p lem en ta t io n  p e r io d  could  be e x p la in e d  by d i f f e r e n c e s  p r e s e n t  a t  th e  
s t a r t  o f  t r e a tm e n t .  I t  i s  a c u r io u s  f in d in g  t h a t  p a t i e n t s ’ e r y th r o c y te  
l e v e l s  responded w e ll  to  s u p p le m e n ta t io n ,  whereas serum l e v e l s ,  even 
a f t e r  2 months , s t i l l  remained low er than  c o n t r o l  v a l u e s ,  though 
v a lu e s  were a l l  in  th e  normal ra n g e .  Serum f o l a t e  i s  a f f e c t e d  by 
d i e t a r y  f l u c t u a t i o n s  whereas e r y th r o c y te  l e v e l s  r e f l e c t  t i s s u e  s t o r e s  
(V arad i & E lw is ,1 9 5 6 ) .  M alab so rp tio n  o r  in c re a s e d  e x c r e t io n  o f  f o l a t e  
may account f o r  th e  la c k  o f  re sp o n se  o f  th e  serum l e v e l s ,  b u t  does  n o t  
e x p la in  th e  s i g n i f i c a n t  re sp o n se  in  e r y th r o c y te  l e v e l s .  The c o n c u r r e n t  
su p p lem en ta t io n  w ith  a s c o rb ic  a c id  may have p layed  an im p o r ta n t  r o l e  in  
f o l a t e  m etabolism  and c o n t r ib u te d  tow ards  th e  above f i n d i n g s .  A scorb ic
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a c id  su p p lem en ta t io n  to  an e l d e r l y  s c o r b u t i c  p a t i e n t  r e s u l t e d  in  
a l t e r e d  f o l a t e  m etabolism  (S tokes  e t  a l ,  1975); th e  m ajor u r in a r y
f o l a t e  m e ta b o l i t e  was 5 - m e th y l t e t r a h y d r o f o la te  a f t e r  th e ra p y ,  and was 
10-formyl f o l i c  a c id  b e fo re  th e ra p y .  This was tak en  to  i n d i c a t e  an 
im p o r ta n t  r o l e  o f  a s c o rb ic  a c id  in  p re v e n t in g  o x id a t io n  o f  
t e t r a h y d r o f o l a t e s , th e re b y  keep ing  th e  f o l a t e  m etabolism  pool in  
a c t i o n .  Such an ev en t in  th e  p a t i e n t s  i n  th e  p r e s e n t  s tu d y  cou ld  
account f o r  th e  in c re a s e d  e r y th r o c y te  f o l a t e  l e v e l s  found , b u t  does n o t  
e x p la in  why serum f o l a t e  l e v e l s  were l e s s  re s p o n s iv e  to  t r e a tm e n t ,
compared to  re sp o n se  by th e  h e a l th y  c o n t r o l  s u b j e c t s .  I n s te a d  th e  
p resen ce  o f  a v u ln e ra b le  f o l a t e  pool w ith  h ig h  m e ta b o l ic  demands cou ld  
e x p la in  th e  f i n d i n g s .  L ik e ly  p o o ls  in c lu d e  th e  e x t r a c e l l u l a r  f l u i d  o f  
th e  b r a in  and blood p l a t e l e t s ,  a s  th e s e  a r e  bo th  s i t e s  o f  t ry p to p h a n  
m e tabo lism . I t  was e a r l i e r  p o s tu l a t e d ,  (see  C hap te rs ;  3 . 4 ) ,  t h a t  CNS 
h om eostas is  o f  f o l a t e  may be im paired  in  s e n i l e  d em en tia ,  r e s u l t i n g  in  
abnormal d e c re a se  in  b r a in  f o l a t e  c o n te n t  in  re sp o n se  to  low serum 
f o l a t e  l e v e l s .  A f a i l u r e  o f  th e  b lo o d -b ra in  b a r r i e r  to  m a in ta in  
c o n s ta n t  b r a in  f o l a t e  l e v e l s  would r e s u l t  in  in c re a s e d  b r a in  l e v e l s  
w ith  s u p p le m e n ta t io n ,  j u s t  a s  d ec re ase d  b r a in  l e v e l s  may occu r  w ith  low 
serum c o n c e n t r a t i o n s .  In c re a se d  f o l a t e  c o n c e n t r a t i o n s  i n  th e  b r a in  
cou ld  cause  enzyme in d u c t io n  and r e s u l t  in  in c re a s e d  s y n th e s i s  o f  5-HT. 
B l a i r  e t  a l ,  (1984) showed t h a t  5-HT s y n th e s i s  could  be s t im u la t e d  in
human o r  r a t  b r a in  w ith  f o l a t e  a d m i n i s t r a t i o n .  The p o s s i b i l i t y  o f
u n d e s i r a b le  s i d e - e f f e c t s  w ith  th e  in c re a s e d  f o l a t e  c o n c e n t r a t i o n  in  th e  
b r a in  must be c o n s id e re d .  Hunter e t , a l ,  (1970) showed t h a t  doses  o f  15 
mg/day f o l a t e  f o r  a p e r io d  o f  1 month caused  u n p le a sa n t  s id e  e f f e c t s ,  
in c lu d in g  a l t e r e d  s le e p  p a t t e r n s ,  m a la is e  and o v e r a c t i v i t y .  However, 
such doses  were in  th e  pharm aco log ica l  r a n g e ,  and in  th e  p r e s e n t  s tu d y ,  
p h y s io lo g ic a l  doses  o f  0.12 mg/day were used .  T h ere fo re  th e
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p o s s i b i l i t y  o f  any s e r io u s  s i d e - e f f e c t s  d eve lop ing  was m inim al.
P a t i e n t s ’ mean TK % a c t i v a t i o n  was h ig h e r  than  c o n t r o l  v a lu e s  a f t e r  
su p p le m e n ta t io n ,  d e s p i t e  th e  f a c t  t h a t  mean v a lu e s  b e fo re  in d i c a t e d  
b e t t e r  s t a t u s .  M alabso rp tion  o r  in c re a s e d  e x c r e t io n  in  th e  t h r e e  
p a t i e n t s  t h a t  remained d e f i c i e n t  a f t e r  o r a l  su p p lem en ta t io n  a r e  f a c t o r s  
p o s s ib ly  r e s p o n s ib l e .  I f  m a la b so rp t io n  was th e  c a u s a t iv e  f a c t o r  th en  
i t  i s  u n l i k e ly  t h a t  o th e r  n u t r i e n t s  were u n a f fe c te d .  However t h i s  d id  
n o t  appea r  to  be th e  case  a s  th e s e  p a t i e n t s  showed improved b io ch em ica l  
s t a t u s  w ith  r e s p e c t  to  th e  o th e r  v i ta m in  m easurem ents.
V ir and Love (1979) s tu d ie d  th e  e f f e c t  o f  v i ta m in  su p p lem en ta t io n  in  
th e  e l d e r l y  on z in c  and copper n u t r i t u r e .  These w orkers  cou ld  n o t  
dem onstra te  s i g n i f i c a n t  e f f e c t s  on th e  plasma l e v e l s  o f  z in c  and 
co p p er .  P rev ious  work in d i c a t e d  an in c r e a s e  i n  h a i r  z in c  and copper 
l e v e l s .  In th e  p r e s e n t  s tu d y ,  no e f f e c t  on th e  l e v e l s  o f  z in c  o r  
copper ,no r f o r  ca lc ium  and magnesium, i n  th e  p a t i e n t s  n o r  e l d e r l y  
c o n t r o l s  was observed w ith  v i ta m in  su p p le m e n ta t io n .  A lso , no e f f e c t  on 
th e  plasma c o n c e n t r a t io n s  o f  t ry p to p h a n  and r e l a t e d  v a r i a b l e s  was 
found. The f a c t  t h a t  t h r e e  o f  th e  t e n  p a t i e n t s  showed some improvement 
on t e s t s  o f  p s y c h o lo g ic a l  fu n c t io n  cou ld  be a t t r i b u t e d  to  th e  in c re a s e d  
b iochem ica l s t a t u s  w ith  r e s p e c t  to  th e  v i ta m in s  i n v e s t i g a t e d .  C o n tro l  
s u b je c t s  d id  n o t  show any improvement i n  psychometry r a t i n g s .  C lose 
in s p e c t io n  o f  i n d i v id u a l  v a lu e s  o f  th e  p a ram ete rs  measured d id  n o t  
r e v e a l  any d i s t i n c t  b ioch em ica l  t r e n d  f o r  th e s e  t h r e e  p a t i e n t s .  
T h e re fo re  improvement on psychometry s c a l e s  observed cou ld  n o t  be 
a s s o c ia t e d  w ith  re sp o n se  to  any p a r t i c u l a r  v i ta m in  on s u p p le m e n ta t io n .
Though 3 s u b je c t s  showed improvement in  th e  HNF and MTS, in  o n ly  one
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was th e  improvement marked, and t h i s  s u b j e c t  had th e  h ig h e s t  i n i t i a l  
sco re  on th e  HNF and MTS. A lso , one o f  th e  o th e r s  t h a t  improved had 
th e  second h ig h e s t  i n i t i a l  s c o r e .  I t  i s  l i k e l y  t h a t  more marked 
improvement might be found f o r  th o se  i n  whom th e  c o n d i t io n  was n o t  so 
f a r  advanced, i . e .  i n  p r e - s e n i l e  dem ents . I t  i s  p e r t i n e n t  to  pu t in  
p e r s p e c t iv e  th e  degree  o f  improvement found in  th e  p a t i e n t s  
in v e s t i g a t e d  as a r e s u l t  o f  o r a l  v i ta m in  su p p lem en ta t io n  by r e l a t i n g  
th e  e f f i c a c y  to  t h a t  r e s u l t i n g  from o th e r  t r e a tm e n t s .
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5.1 Introduct ion
The terras  s e n i l e  and p r e s e n i l e  dem entia  have been used in  th e  p a s t  to  
d i s t i n g u i s h  between dem entia  d i s o r d e r s  o cc u r in g  above and below th e  age 
o f  65 y e a r s ,  r e s p e c t i v e l y .  The d i s t i n c t i o n  may be a r b i t r a r y  
(M ahendra ,1984a), a s  A lzheim er’ s D isease ,  th e  commonest form o f  
p r e s e n i l e  dem en tia ,  a l s o  occurs a t  ages above 65 y e a r s ,  and in a c c u ra c y  
in  d ia g n o s t i c  c r i t e r i a  o f t e n  l e a d s  to  A lzheim er’ s D isease  p a t i e n t s  
be ing  wrongly d iagnosed  as s u f f e r i n g  from S e n i le  Dementia (Tom linson,
B lessed  & R o th ,1970) and fo r  such r e a s o n s  th e  age d i s t i n c t i o n  i s  seldom
used nowadays to  c l a s s i f y  p a t i e n t s  a s  s e n i l e  o r  p r e s e n i l e .
N e v e r th e le s s , a number o f  o rg a n ic  b r a in  d i s e a s e s  r a r e l y  occu r  above 65 
y e a r s  o f  ag e .  These in c lu d e  P ic k ’ s D isease ,  H un tin g to n ’ s Chorea and
J a k o b -C re u tz f e ld t  D isease  ( B l e s s e d , 1980), each d i f f e r i n g  in  th e  s i t e  o f  
major neu ro p a th o lo g ic a l  i n s u l t  and in  c l i n i c a l  c h a r a c t e r i s t i c s  
(T o m lin so n ,1980). T h e re fo re ,  p a t i e n t s  above 65 y e a r s  o f  age  and who 
p r e s e n t  w ith  a dem entia  d i s o r d e r  a r e  u n l i k e ly  to  f a l l  under th e  above 3 
c a t e g o r i e s .
Three s ta g e s  in  th e  development o f  A lzheim er’ s d i s e a s e  have been 
r e c o g n ise d  (M ahendra ,1984a). At th e  t h i r d  s t a g e ,  th e  p a t i e n t  becomes 
doubly  in c o n t in e n t  and p ro found ly  a p a t h e t i c .  N e u ro lo g ic a l  f e a t u r e s  
become more s e v e re ,  and by t h i s  tim e A lzheim er’ s D isease  p a t i e n t s  can 
o n ly  be p r e c i s e l y  d i s t i n g u i s h e d  from s e n i l e  dem entia  p a t i e n t s  on 
post-m ortem  h i s t o l o g i c a l  exam in a t io n .  At th e  second s t a g e ,  p r o g r e s s iv e  
involvem ent o f  th e  p a r i e t a l  lo b e  becomes e v id e n t  w ith  th e  app ea ran ce  o f  
a g n o s ia ,  a p h a s ia  and a p r a x i a ,  and i n t e l l e c t u a l  d e t e r i o r a t i o n  and 
p e r s o n a l i t y  changes d ev e lo p .  I t  i s  a t  t h i s  s t a g e ,  and a t  th e  f i r s t  
s ta g e  where memory d i s tu rb a n c e  and s p a t i a l  d i s o r i e n t a t i o n  o c c u r s ,  t h a t
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th e  d ia g n o s i s  o f  A lzheim er’ s d i s e a s e  i s  expec ted  to  be more a c c u r a t e ,  
though a d e p re s s iv e  c o m p lic a t io n  may co m p lica te  th e  p i c t u r e  (B le s s e d ,
1980) .  In t h i s  c h a p te r ,  th e  te rm  p r e s e n i l e  dem entia  o r  phase one 
dem entia  r e f e r s  to  p a t i e n t s  p r e s e n t in g  w ith  c l i n i c a l  c h a r a c t e r i s t i c s  
a t y p i c a l  o f  th e  f i r s t  s ta g e  d e s c r ib e d .  Hare S ca le  r a t i n g s  ( H a r e , 1978) 
a re  used to  a s s e s s  memory perfo rm ance , and as memory i s  o f t e n  im p a ired  
in  p r e s e n i l e  dem en tia ,  t h i s  s c a l e  may be used as a d i a g n o s t i c  a id  in
p r e s e n i l e  dem en tia .
A lzheim er’ s d i s e a s e  s h a re s  many m o rp h o lo g ica l  and g e n e t i c a l
c h a r a c t e r i s t i c s  in  common w ith  s e n i l e  dem entia  (T o m lin so n ,1980; Den 
Velde & S tam ,1973). At th e  f i r s t  s t a g e  o f  th e  i l l n e s s ,  th e  deg ree  o f  
p a th o lo g ic a l  change, eg n eu ro n a l  f a l l o u t ,  i s  r e l a t i v e l y  m ild  in
comparison w ith  l a t e r  s t a g e s , and th e r e f o r e  i t  i s  ex p ec ted  t h a t  
t r e a tm e n t  m o d a l i t i e s  would be more e f f e c t i v e  a t  th e  f i r s t  s t a g e  o f  th e  
i l l n e s s .  Thus d i e t a r y  t r e a tm e n ts  f o r  A lzheim er’ s d i s e a s e ,  such  as
a d m in is te re d  c h o l in e  and l e c i t h i n  to  c o u n te r a c t  th e  a p p a re n t  
c h o l in e r g ic  d e f i c i t ,  have shown more c l i n i c a l  b e n e f i t  i n  th e  e a r l y  
s ta g e s  o f  th e  d i s e a s e  (Y ates e t . a l , , 198O ).
For th e  above r e a s o n s ,  and from r e s u l t s  o b ta in e d  in  a p re v io u s  s tu d y  
where g r e a t e r  e f f i c a c y  o f  v itam in  su p p lem en ta t io n  was o b ta in e d  in  th o se  
p a t i e n t s  w ith  s e n i l e  dem entia  hav ing  h ig h e r  i n i t i a l  psychom etry s c o r e s  
than  th o se  s c o r in g  l e s s  i n  psychom etry r a t i n g s  (see  C hapter 4 ) ,  i t  was 
d ec ided  to  i n v e s t i g a t e  th e  e f f e c t s  o f  v i tam in  s u p p lem en ta t io n  on th e  
b iochem ica l  re sp o n se  and p s y c h o lo g ic a l  fu n c t io n  o f  p a t i e n t s  w ith  phase  
one dem en tia .  A lso , a number o f  s t u d i e s  have shown low v i ta m in  s t a t u s  
in  p a t i e n t s  w ith  s e n i l e  dem entia  (s e e  Chapter 3 ) ,  however i n  no s tu d y  
known to  me has t h e r e  been a s y s te m a t ic  i n v e s t i g a t i o n  i n t o  th e  c l i n i c a l
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e f f e c t s  o f  v i ta m in  su p p lem en ta t io n  i n  p r e s e n i l e  dem en tia .
5 .2  Methodology
5 .2 .1  S u b je c ts  and Study Design
P a t i e n t s  p r e s e n t in g  a t  th e  p s y c h o g e r ia t r i c  u n i t  in  C a r d i f f  were 
sc reen ed  fo r  e a r l y  s ig n s  o f  dem entia  u s in g  the  Higher N e u ro lo g ic a l  
F unc tion  S ca le  (HNF) and Mental T es t Score (MTS) (H odkinson , 1973) • 
Those s c o r in g  25 o r  more in  th e  HNF t e s t s ,  and who proved p h y s i c a l ly  
f i t  from r o u t in e  b iochem ica l  and h aem a to lo g ic a l  t e s t s ,  and who gave 
inform ed c o n s e n t ,  were in c lu d e d  in  th e  s tu d y .
Twenty p a t i e n t s  were a v a i l a b l e  who s a t i s f i e d  th e  above c r i t e r i a .  
Seven o f  th e se  were on some form o f  m e d ica t io n  ( p r i n c i p a l  d ru g s  ta k e n  
were Navidrex K, D ip ix e l ,  Hemineurin, C hlo rp rom azine , H a lo p e r id o l ,  
D igoxin , Temazepan, Optimax, Burihex K & H ydroco rtisone  o in tm e n t ) .  A 
b a t t e r y  o f  psychometry t e s t s ;  HNF, MTS and K endrick B a t t e r y  T est 
(K e n d r ic k ,1984) were performed on each  p a t i e n t  by a p s y c h o g e r i a t r i c i a n ,  
and a f a s t i n g  blood sample was taken  f o r  b iochem ica l d e te r m in a t io n  o f  
n u t r i t i o n a l  s t a t u s  ( s e e  Chapter 2 f o r  methods employed). P a t i e n t s  were 
randomly a ss ig n e d  to  an a c t i v e  o r  p lacebo  group in  a doub le  b l i n d  
i n v e s t i g a t i o n .  The a c t i v e  group re c e iv e d  a m u l t iv i ta m in  p r e p a r a t i o n  
(com position  and dosage s i m i l a r  to  t h a t  d e s c r ib e d  p r e v io u s ly .  C hapter  
4; 4 . 2 . 1 ) .  A f te r  8 weeks on th e  t r e a tm e n t  reg im e, psychom etry  t e s t
and the  c o l l e c t i o n  o f  f a s t i n g  blood samples were performed in  th e  same 
o rd e r  and a t  th e  same tim e o f  day as b e fo re  t r e a tm e n t .  At th e  end o f  
t h i s  p e r io d  th e  p a t i e n t s  were a llow ed to  co n t in u e  w ith  th e  v i ta m in  
su p p lem en ta t io n  fo r  a f u r t h e r  8 weeks ; i n  th e  case  o f  th e  p la ceb o
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g ro u p , th e s e  were sw itched  to  th e  a c t i v e  p r e p a r a t io n  i f  e i t h e r  th e  
p a t i e n t  o r  r e l a t i v e  a g re e d .  Psychometry t e s t i n g  was r e p e a te d  a t  th e  
end o f  t h i s  p e r io d  and f a s t i n g  blood samples were tak en  a s  b e fo r e  f o r  
b iochem ica l  a n a ly s e s .
5 .3  R e s u l t s
The mean ages o f  th e  a c t iv e  and p lacebo  group were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  (Table  5 . 1 ) .  E igh t o f  th e  n in e  p a t i e n t s  in  th e  p laceb o  group 
were age matched to  w i th in  3 y e a r s  o f  th o se  in  th e  a c t i v e  g roup .
At th e  s t a r t  o f  th e  i n v e s t i g a t i o n  (b e fo re  t r e a tm e n t ) ,  th e  mean v a lu e s  
f o r  a l l  th e  v a r io u s  v i ta m in  measurements were s t a t i s t i c a l l y  s i m i l a r  
between groups (Tab le  5 . 2 ) .
None o f  th e  s u b je c t s  in  e i t h e r  group had d e f i c i e n t  v a lu e s  f o r  b u f fy  
c o a t  a s c o rb ic  a c id ,  e r y th r o c y te  f o l a t e  o r  AST % a c t i v a t i o n  a t  th e  s t a r t  
o f  th e  i n v e s t i g a t i o n .  However, a number o f  th e  p a t i e n t s  i n  b o th  g roups 
i n i t i a l l y  had low plasma a s c o rb ic  a c id  (41 %) and serum f o l i c  a c id  (37 
%) c o n c e n t r a t io n s  and e le v a te d  TK % a c t i v a t i o n s  (29 %) i n d i c a t i v e  o f
th iam in  d e f i c i e n c y .  A lso , 2 o f  th e  te n  p a t i e n t s  i n  th e  a c t i v e  group 
had e le v a te d  GR % a c t i v a t i o n s  i n d i c a t i v e  o f  r i b o f l a v i n  d e f i c i e n c y .
The e f f e c t s  o f  th e  t r e a tm e n t  regim es on th e  g ro u p s 's  n u t r i t i o n a l  s t a t u s  
a r e  i l l u s t r a t e d  in  Fig 5 .1 a - g .  The a c t i v e  group showed improved 
v i ta m in  s t a t u s  a f t e r  su p p lem en ta t io n  f o r  a l l  v i ta m in s  s tu d i e d ;  w ith  
b u f fy  c o a t  a s c o rb ic  a c id  and TK % a c t i v a t i o n s ,  mean v a lu e s  a f t e r  
sup p lem en ta t io n  were s i g n i f i c a n t l y  d i f f e r e n t  from i n i t i a l  v a l u e s .  
However, w ith  th e  o th e r  measurements th e  d i f f e r e n c e  d id  n o t  re a c h
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Table 5 .1  D e t a i l s  o f  P a t i e n t s  w ith  P r e s e n i l e  Dementia
r e c e iv in g  an A ctive  and Placebo P re p a ra t io n
Group Sex No. Age (y e a r s )
Mean Range
A ctive  Female 10 81.1 68-93
Male 1 78 .0
Male + Female 11 80 .8  68-93
P lacebo Female 7 75 .3  65-84
Male 2 76 .5  68-85
Male + Female 9 75 .6  65-85
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T able  5 .2  Vitamin S ta tu s  o f  P a t i e n t s  w ith  P r e s e n i l e  Dementia
B efore  Treatment
Vitam in 
A scorbic  a c id
Group (No) Mean S.D. % Below  ^
Normal
Plasma 
(mg/100 ml)
A ctive 8 0 .87 0.87 25
Placebo 9 0.50 0.56 56
Buffy  Coat 
(ug/10 ® c e l l s )
A ctive 6 52 .3 22 .3 0
Placebo 8 46 .3 28 .0 0
Thiamin : 
TK % A ct.
A ctive 10 9 .0 14.9 10
Placebo 8 17.4 13.8 50
R ib o f la v in  : 
GR % A ct.
A ctive 10 48.1 28 .3 20
Placebo 9 33 .6 17.6 0
Vitam in B-6 
AST % A ct.
A ctive 11 41 .0 31.9 0
F o la te  :
P lacebo 5 33 .0 20 .2 0
Serum (ng/m l) A ctive 11 2.72 1.17 36
Placebo 9 2 .56 1.10 33
E ry th ro c y te
(ng/ml)
A ctive 11 482.8 213 0
P lacebo 8 355.0 136 0
a -  Normal v a lu e s ,  see  Table 3 .2
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s t a t i s t i c a l  s i g n i f i c a n c e  (P > 0 .0 5 ) ,  though in d i v id u a l  v a lu e s  f o r  a lm ost 
a l l  p a t i e n t s  (50-100 %) i n  th e  a c t i v e  group in d i c a te d  improved v i ta m in  
s t a t u s . M oreover, th o se  who had d e f i c i e n t  s t a t u s  b e fo re
su p p lem en ta t io n  were no lo n g e r  d e f i c i e n t  a f t e r  su p p le m e n ta t io n .  A lso , 
th e s e  p a t i e n t s  had s i g n i f i c a n t l y  b e t t e r  s t a t u s  w ith  r e s p e c t  t o  a l l  
m easurem ents, excep t serum f o l a t e ,  a f t e r  su p p lem en ta t io n  th a n  th e  
p a t i e n t s  on p la ceb o .  With serum f o l a t e ,  th e  d i f f e r e n c e  d id  n o t  re a c h  
s t a t i s t i c a l  s i g n i f i c a n c e  (P=0 .106).
The p a t i e n t s  r e c e iv in g  p lacebo  had low er b iochem ica l s t a t u s  w ith  
r e s p e c t  to  a l l  v i ta m in  measurements ex ce p t plasma a s c o r b ic  a c id  and 
serum f o l a t e .  The plasma a s c o rb ic  a c id  and serum f o l a t e  c o n c e n t r a t i o n s  
were m a rg in a l ly  h ig h e r  a f t e r  8 weeks on th e  p laceb o .
The r e s u l t s  o f  th e  psychometry r a t i n g s  a r e  shown in  Table 5 .3 .  As can 
be seen ,  a g r e a t e r  p ro p o r t io n  o f  p a t i e n t s  r e c e iv in g  th e  a c t i v e  
p r e p a r a t io n  showed improvement in  th e  HNF, OLT and DCT s c o r e s  th a n  
th o se  r e c e iv in g  p la c e b o .  A number o f  p a t i e n t s  on th e  a c t i v e  
p r e p a r a t io n  showed improvement i n  th e  MTS s c o r e s ,  however, th e  
p ro p o r t io n  o f  th e s e  p a t i e n t s  showing improvement i n  t h i s  t e s t  was 
s i m i l a r  to  t h a t  in  th e  p lacebo  g roup . Fu rtherm ore ,  o f  th e  e le v e n  
p a t i e n t s  on th e  a c t i v e  p r e p a r a t io n ,  e i g h t  (75 %) showed improvement in  
3 ou t o f  th e  4 psychom etry t e s t s ,  compared to  on ly  3 o f  th e  9 p a t i e n t s  
(33 %) on p la ceb o .  Chi^ a n a ly s e s  were performed in  o rd e r  to  t e s t  
w hether the  p resence  o f  a p a r t i c u l a r  v i ta m in  d e f i c i e n c y  i n i t i a l l y ,  was 
a s s o c ia t e d  w ith  psychometry improvement. However, no s i g n i f i c a n t  
a s s o c i a t i o n  was found fo r  any o f  th e  v i ta m in s  s tu d ie d .
Six p a t i e n t s  from the  a c t i v e  group and fo u r  p a t i e n t s  from th e  p la ceb o
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Fig 5.1 V i tam in  Sta tus  o f  Preseni le  D ements  and
the  response to  an A c t i v e  and P lac eb o  P re p a ra t io n
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Table 5 .3  E f f e c t  o f  Treatment Regime on Psychometry R ating  Scores
Psychometry T e s t /
Group
HNF MTS OLT DCT
A ctive  (n=11)
% showing improvement 64
Mean Score change fo r  th o se  
showing improvement 5 .4
64
3.1
82
8 .9
73
Placebo (n=9)
% showing improvement 33
Mean Score change fo r  those  
showing improvement 4 .0
67
6 .3
50
10.3
25
3 .5
1 HNF -  Higher Neurological Function S ca le
MTS = Mental T est S co re
OLT = O bject Learning T est
DCT = Digit Copying T est
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group con tinued  on th e  v i ta m in  supplem ents  f o r  a f u r t h e r  6 months in  
o rd e r  to  i n v e s t i g a t e  w hether a lo n g e r  p e r io d  o f  su p p lem en ta t io n  would 
be o f  g r e a t e r  b e n e f i t .  No marked changes were observed in  psychom etry  
r a t i n g s ,  bu t a s l i g h t  t r e n d  tow ards improvement was n o te d .
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5 .4  D iscuss ion
One o f  th e  f i r s t  th in g s  to  n o t i c e  in  t h i s  s tu d y  i s  th e  h ig h  age range  
o f  th e  p a t i e n t s .  A ll  the  p a t i e n t s  were over 65 y e a rs  o f  ag e ,  and were 
d iagnosed  as phase-one  dem ents , and th e  f a c t  t h a t  th e y  were a l l  e l d e r l y  
p a t i e n t s  a lm ost c e r t a i n l y  r u l e s  o u t  th e  p o s s i b i l i t i e s  o f  H u n tin g to n ’ s 
Chorea, J a k o b -c r e u tz f e ld  d i s e a s e  and P ic k ’ s d i s e a s e ,  s in c e  th e s e  
c o n d i t io n s  a r e  ex trem ely  r a r e  over th e  age o f  65 y e a r s  ( B l e s s e d , 1980). 
T here fo re  th e  u n d e r ly in g  pa th o lo g y  in  th e  p a t i e n t s  was t h a t  o f  
phase-one dem en tia .
A number o f  th e  p a t i e n t s  a t  th e  s t a r t  o f  th e  i n v e s t i g a t i o n  were found 
to  have low plasma a s c o rb ic  a c id  and serum f o l i c  a c id  c o n c e n t r a t i o n s ,  
and somewhat fewer had e le v a te d  TK and GR % a c t i v a t i o n s .  These 
f in d in g s  a r e  i n t e r e s t i n g  in  them se lves  and worthy o f  f u r t h e r  
d i s c u s s io n ,  s in c e  i t  rem ains a p o s s i b i l i t y  t h a t  d i e t a r y  d e f i c i e n c i e s  
may be a c a u s a t iv e  f a c t o r  in  s e n i l e  dem en tia ,  o r  may e x a c e rb a te  th e  
neurochem ical a b b e ra t io n s  found in  s e n i l e  dem entia (s e e  C hapter  3;
3 . 4 ) .  I f  t h i s  i s  th e  case  th e n  one would ex p ec t  t o  f in d  b io c h em ic a l  
d e f i c i e n c i e s  in  p r e s e n i l e  dem entia  n o t  u n l ik e  t h a t  found in  s e n i l e  
dem en tia ,  and our f in d in g s  in  t h i s  s tu d y  le n d s  su p p o r t  to  t h i s  v iew , 
s in c e  a p ro p o r t io n  o f  th e  p a t i e n t s  in  t h i s  s tu d y  had low b io c h em ic a l  
s t a t u s  o f  th o se  v i ta m in s  t h a t  were found to  be low in  p a t i e n t s  w ith  
s e n i l e  dem entia  ( s e e  Chapter 3 ; 3 . 3 ) .
Another f in d in g  in  t h i s  s tu d y  t h a t  le n d s  su p p o r t  to  th e  p o s s i b i l i t y  o f  
c a u s a t iv e  n u t r i t i o n a l  d e f i c i e n c i e s  l in k e d  in  a v ic io u s  c i r c l e  to  th e  
o rg a n ic  im pairment in  s e n i l e  dem en tia ,  i s  th e  f a c t  t h a t  mean l e v e l s  o f  
a l l  th e  v i ta m in  m easurem ents , ex ce p t plasma a s c o rb ic  a c id  and serum
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f o l i c  a c i d ,  was s i g n i f i c a n t l y  lower i n  th o se  p a t i e n t s  who were 
r e c e iv in g  p lacebo  a f t e r  2 months on th e  t r i a l .  Serum f o l a t e  was n o t  
s i g n i f i c a n t l y  red u ced ,  b u t  a s  e r y th r o c y te  f o l a t e  i s  a b e t t e r  index  o f  
t i s s u e  s t a t u s  (V arad i & E lw is ,1 9 6 6 ) ,  t h i s  would n o t  ap p ea r  to  be o f  any 
r e a l  conce rn .  The f a c t  t h a t  plasma a s c o rb ic  a c id  was s i g n i f i c a n t l y  
h ig h e r  a f t e r  2 months on th e  t r i a l  i s  a c u r io u s  f in d in g  and cou ld  n o t  
be e x p la in ed  by d i e t a r y  i n t a k e s .
The r e s u l t s  o f  th e  s tu d y  c l e a r l y  showed t h a t  a cou rse  o f  v i ta m in  
supp lem en ta t ion  fo r  8 weeks was s u f f i c i e n t  to  cause  s u b s t a n t i a l  
improvement in  v i ta m in  s t a t u s  in  p a t i e n t s  w ith  phase-one  d em en tia ;  
f in d i n g s  t h a t  were to  be expec ted  from p rev io u s  s t u d i e s  w ith  g e r i a t r i c s  
(Hoorn e t  a l . , 1975; G r i f f i t h s ,1 967 ).  F urtherm ore , th e  dosage used 
were u n l i k e ly  to  r e s u l t  in  any s e r io u s  s id e  e f f e c t s  ( s e e  C hap ter  4 ;
4 . 4 ) .  The a c t i v e  group performed s i g n i f i c a n t l y  b e t t e r  i n  th e  HNF, OLT 
& DCT s c o re s  th an  th e  p lacebo  g roup . These improvements were n o t  
a s s o c ia t e d  w ith  any p a r t i c u l a r  v i t a m in ,  b u t  r a t h e r  w ith  an o v e r a l l  
improved v i ta m in  s t a t u s . Whether o r  n o t  th e  t r i a l  was c o n t in u e d  f o r  
long  enough i s  a m a t te r  fo r  f u r t h e r  s tu d y .  C e r t a in ly ,  th e  b io c h e m ic a l  
t i s s u e  s t a t u s  o r  th o se  r e c e iv in g  th e  a c t i v e  p r e p a r a t io n  improved 
markedly over 8 weeks, and none o f  th e  p a t i e n t s  had low v i ta m in  s t a t u s  
a f t e r  t h i s  p e r io d  o f  t r e a tm e n t .  Of more re le v a n c e  to  th e
neu ro ch e m is try  o f  th e  dem entia  i s  w hether th e  degree  o f  b io c h e m ic a l  
improvement o b ta in e d  over 8 weeks was s u f f i c i e n t  to  cause  in c r e a s e d
tu rn o v e r  o f  th o se  neu r o t r a n s m i t t e r s  im p l ic a te d  in  th e  p a th o lo g y  o f
s e n i l e  dem en tia .  There i s  ev idence  t h a t  5-HT s y n th e s i s  may be 
in c re a s e d  in  p a t i e n t s  w ith  low CSF-5HIAA e x c r e t io n  by t r e a tm e n t  w ith  
o r a l  th iam in  fo r  2 weeks ( B o te z ,1982), and s in c e  low CSF-5HIAA have
been found in  p a t i e n t s  w ith  s e n i l e  dem entia  ( G o t t f r i e s  e t  a l . ,1 9 8 0 ) ,
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th e n  CSF-5HIAA l e v e l s  i s  expec ted  to  i n c r e a s e ,  and so presum ably b r a in  
5-HT tu r n o v e r ,  i n  th e se  p a t i e n t s .  A lso , animal s tu d i e s  have shown t h a t  
f o l i c  a c id  su p p lem en ta t io n  can in c r e a s e  b r a in  5-HT c o n c e n t r a t i o n  (Botez 
e t  a l . , 1979). T here fo re  i t  seems t h a t  v i ta m in  su p p lem en ta t io n  over  a 
p e r io d  o f  weeks can s t im u la t e  b r a in  n e u r o t r a n s m i t t e r  s y n t h e s i s .  
N e v e r th e le s s ,  from r e s u l t s  o b ta in e d  in  th o se  p a t i e n t s  c o n t in u in g  on 
v i ta m in  su p p lem en ta t io n  f o r  6 months, where a t r e n d  tow ards g r e a t e r  
improvement was found, i t  ap p e a rs  t h a t  lo n g e r  p e r io d s  o f  v i ta m in  
su p p lem en ta t io n  cou ld  be b e n e f i c i a l  in  phase-one  dem en tia .  Some o f  th e  
p a t i e n t s  on p lacebo  showed improvement i n  p s y c h o lo g ic a l  f u n c t io n  
s c a l e s ,  and a few o f  th e se  had low s t a t u s  w ith  r e s p e c t  to  a s c o r b ic  
a c i d ,  th ia m in  and f o l i c  a c i d .  This would imply t h a t  such  v i ta m in  
d e f i c i e n c i e s  a r e  n o t  c a u s a t iv e  f a c t o r s  o f  s e n i l e  dem en tia .  However, i t  
i s  l i k e l y  t h a t  a p ro p o r t io n  o f  th e s e  p a t i e n t s  would n o t  p r o g r e s s  to  
f r a n k  dem en tia ,  due to  in a c c u ra c y  o f  d i a g n o s i s ,  so t h a t  th e  p re se n c e  o f  
such in d i v id u a l s  in  our group o f  p a t i e n t s  cou ld  obscure  th e  f i n d i n g s .
Drug a d m in i s t r a t io n  appeared  to  c o n t r i b u t e  to  th e  f in d in g s  to  some
d e g re e ,  s in c e  a l l  o f  th e  3 p a t i e n t s  ta k in g  d rugs  f o r  t h e i r  m e n ta l  s t a t e  
improved in  3 ou t o f  th e  4 t e s t s  o f  p s y c h o lo g ic a l  f u n c t io n .  However,
t h i s  canno t account e n t i r e l y  f o r  th e  f i n d i n g s ,  a s  6 o f  th e  8 p a t i e n t s
n o t  t a k in g  d rugs  showed improvement i n  a t  l e a s t  3 ou t o f  th e  4
p s y c h o lo g ic a l  t e s t s .
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C H A P T E R  6
THE NUTRITIONAL STATUS OF PART I I I  ACCOMMODATION RESIDENTS
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6.1 Introduct ion
I n s t i t u t i o n a l  c a re  fo r  th e  e l d e r l y  in  B r i t a i n  i s  d iv id e d  between
g e r i a t r i c  h o s p i t a l s ,  p s y c h i a t r i c  h o s p i t a l s  and p a r t  I I I  accommodation 
o r  r e s i d e n t i a l  homes (P aske r  e t  a l ,  1976). Though numerous n u t r i t i o n a l  
su rveys have been done o f  th o se  i n  g e r i a t r i c  and p s y c h i a t r i c  h o s p i t a l s ,  
w ith  f in d in g s  o f  p r e v a le n t  s u b - c l i n i c a l  d e f i c i e n c i e s  o f  many n u t r i e n t s ,  
r e l a t i v e l y  few s t u d i e s  have been done on th e  n u t r i t i o n a l  s t a t u s  o f  
th o se  in  p a r t  I I I  accommodation. In  th e  l i g h t  o f  ev idence  t h a t  from
1/2 t o  1/3 o f  r e s i d e n t s  in  p a r t  I I I  accommodation a r e  a p p r e c ia b ly
demented, and t h a t  our s tu d y  i n t o  th e  n u t r i t i o n a l  s t a t u s  o f  p a t i e n t s  
w ith  s e n i l e  dem entia  r e v e a le d  b iochem ica l  d e f i c i e n c i e s  o f  some 
n u t r i e n t s  among a h ig h  p r o p o r t io n  o f  th e s e  p a t i e n t s ,  i t  seemed
a p p ro p r ia te  t h a t  an i n v e s t i g a t i o n  i n t o  th e  n u t r i t i o n a l  s t a t u s  o f  p a r t  
I I I  accommodation r e s i d e n t s  shou ld  be perform ed . Exton-Sm ith (1972) 
found t h a t  th e  d a i l y  d i e t a r y  in t a k e s  o f  energy ,  p r o t e i n ,  i r o n ,  v i ta m in  
C and v i ta m in  D o f  r e s i d e n t s  in  p a r t  I I I  accommodation were 
in te rm e d ia te  between th o se  o f  th e  a c t i v e  and housebound e l d e r l y .  Vir 
and Love (1979) found a h ig h  p re v a le n c e  o f  magnesium, p o ta ss iu m , 
v i ta m in  D and v i tam in  B-6 in ta k e s  below 2/3  o f  th e  RDA among 26 p e rso n s  
i n  r e s i d e n t i a l  accommodation, though in ta k e s  were u s u a l l y  h ig h e r  th a n  
th o se  l i v i n g  a t  home, w ith  an a p p re c ia b ly  l a r g e  p ro p o r t io n  o f  th e  
r e s i d e n t s  hav ing  b iochem ica l  ev idence  o f  a s c o rb ic  a c id  (46 %), and 
v i ta m in  B-6 (62 %) d e f i c i e n c y ,  and o n ly  a sm all  p ro p o r t io n  hav ing  
th iam ine  o r  r i b o f l a v i n e  d e f i c i e n c y .
Read e t  a l  (1965) and Andrews e t  a l  (1969 ) ,  found a h ig h  p re v a le n c e  o f  
low serum f o l a t e  and plasma a s c o rb ic  a c id ,  r e s p e c t i v e l y ,  i n  r e s i d e n t s  
w ith  improvement on su p p le m e n ta t io n .  However, no s y s te m a t ic  s tu d y  has  
been done to  confirm  or expand on th e s e  f i n d i n g s .  In  view o f  t h i s  and
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o f  the  re a so n s  and f in d in g s  g iven  above, th e  n u t r i t i o n a l  s t a t u s  o f  
r e s i d e n t s  in  p a r t  I I I  accommodation was i n v e s t i g a t e d .
6 .2  Methodology
6 .2 .1  S u b je c ts
R e s id e n ts :  Twelve r e s i d e n t s  in  fo u r  Local A u th o r i ty  homes f o r  th e
e l d e r l y , s i t u a t e d  in  North West C a r d i f f ,  were examined f o r  m en ta l 
perform ance by th e  p s y c h o g e r ia t r i c i a n  u s in g  th e  Hare S ca le  (19 7 8 ) .  
U n trea ted  s u b je c t s  were s o u g h t ,  b u t  i t  was ex tre m e ly  d i f f i c u l t  to  
o b ta in  d r u g - f r e e  i n d i v i d u a l s .  Only two o f  th e  tw elve  s u b je c t s  were n o t  
on any d ru g s .  Most o f  th o se  on d rugs  were ta k in g  d i u r e t i c s  o r  m ild  
a n t i in f la m m a to ry  a n a l g e s i c s .
C o n tro ls :  C on tro l  s u b je c t s  were s e l e c t e d  from a group o f  c o n t r o l s
o b ta in e d  p re v io u s ly  (C hapter 2, s e c t i o n  3 .2 .1 )  and were sex  and age 
matched as c l o s e l y  as  p o s s ib le  to  th e  r e s i d e n t s  ; an age m atching  o f  
w i th in  5 y e a r s  was ach ieved  (Tab le  6 . 1 ) .
None o f  th e  r e s i d e n t s  was a c c ep ted  i f  t h e r e  was any ev idence  o f  m ajor 
d i s e a s e  in  th e  p h y s ic a l  exam ination  o r  th e  r o u t i n e  l a b o r a to r y  t e s t s .
6 .2 .2  Study Design
The s tu d y  p ro to c o l  adopted was a s  d e s c r ib e d  p r e v io u s ly  f o r  p a t i e n t s  
w ith  s e n i l e  dem entia  (C hap ter 3, s e c t i o n  3 . 2 . 2 ) ,  and b io c h em ic a l  
d e te rm in a t io n s  o f  th e  v i ta m in ,  m in e ra l  and t r a c e  elem ent s t a t u s  and o f  
t ry p to p h a n  and r e l a t e d  v a r i a b l e s  were performed acc o rd in g  to  methods
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Table 6 .1 D e t a i l s  o f P a r t  I I I  Accommodation R es id e n ts
and H ealthy  Community C o n tro ls
Group Sex No. mean Age ( y r s . ) Range
R es id en ts M 3 81.0 78-87
F 9 84 .4 80-89
C o n tro ls M 3 81 .3 80-82
F 9 8 1 .2 75-85
d e sc r ib e d  p r e v io u s ly  (C hapter  2 ) .
6 .3  R e s u l t s
6 .3 .1  Vitamin & M ineral S ta tu s
Only in  th e  case  o f  th iam ine  d id  th e  mean v a lu e  f o r  th e  a ssessm en t 
in d i c a t e  d e f i c i e n c y  in  both  groups w ith  60 % o f  th e  r e s i d e n t s  and 55 % 
o f  th e  c o n t r o l s  having  e le v a te d  TK % a c t i v a t i o n s  (T ab le  6 . 2 ) .  The
r e s i d e n t s  had s i g n i f i c a n t l y  lower plasma a s c o rb ic  a c id  l e v e l s  th a n  
t h e i r  c o n t r o l s ,  w ith  a much g r e a t e r  p ro p o r t io n  o f  r e s i d e n t s  (88 %
compared to  17 ^ o f  c o n t r o l s )  having  low v a lu e s ;  though none had b u f fy  
c o a t  l e v e l s  below th e  ’ lower l i m i t  o f  n o rm al’ o f  18 ug /10  c e l l s  
(S ch o rah , 1981) .  Serum f o l a t e  , b u t  n o t  e ry th ro c y te  f o l a t e  l e v e l s  were
s i g n i f i c a n t l y  lower in  th e  r e s i d e n t s  th a n  in  th e  c o n t r o l s .
F u rthe rm ore ,  33 % o f  th e s e  r e s i d e n t s  had low serum f o l a t e  l e v e l s ,  a s
compared to  none o f  th e  c o n t r o l s ,  a d i f f e r e n c e  t h a t  was s i g n i f i c a n t  
from Chi a n a l y s i s  (P < 0 .0 5 ) .  Mean v a lu e s  f o r  r i b o f l a v i n  and p y r id o x in ,  
a s  judged by GR and AST % a c t i v a t i o n s ,  r e s p e c t i v e l y ,  were s i m i l a r  
between th e  g ro u p s .  A lso , none o f  th e  s u b je c t s  had l e v e l s  o f  th e s e
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measurements i n d i c a t i v e  o f  low s t a t u s .  
Table 6 .2
Vitamin S ta tu s  o f  R es iden ts
in  P a r t  I I I  Accommodation and H ealthy  C on tro l S u b je c ts
Vitam in Subjec t(N o) Mean S tandard  Normal % Below 
D ev ia t io n  Range Normal
A scorbic  Acid: R es id e n ts
Plasma (mg/100 ml) C o n tro ls
Buffy Coat: 
(ug/10® c e l l s )
Thiamin : 
T ra n s k e to la s e  
% a c t i v a t i o n
R ib o f la v in e  
G lu ta th io n e  
Reductase % 
A c t iv a t io n
R es id e n ts
C o n tro ls
R es id e n ts
C o n tro ls
R es iden ts
C o n tro ls
Vitamin-B6 R e s id e n ts
A sparta team ino  C o n tro ls
T ra n s fe ra s e  % A ct.
F o la te  :
Serum (ng/m l)
R es id e n ts
C o n tro ls
E ry th ro c y te (n g /m l)  R e s id e n ts
C o n tro ls
R e t in o l  : R es id e n ts
serum (ug/100 ml) C o n tro l s
8 )
12 )
8 )
12 )
1 0 )
1 1 )
1 0 )
1 2 )
8 )
12 )
10 )
1 1 )
1 0 )
9)
1 2 )
1 2 )
XX
0 .23
0.71
4 0 .6
35 .4
20 .3
33 .5
27 . 6
33 .4
60 . 8  
60. 8
%
3 .3
5 .9
291
307
0.05  
0 .1 0
6.12 
5 .23
8 .5
8 .5
6.1
4 .6
7 .7
7 .7
0.47
0.97
41 .0
70 . 0
>0.4
>18
<15
<76
<130
>2 . 0
>100
88
17
0
17
60
55
+ +
30
0
6 8 .4  12.6 50-100 0
70 .7  15 .6  0
P -v a lu e s  shown * when P<0.05; ** when P<0.01.
Chi^ T est P Value shown + when P<0.05; ++ when P<0.01
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Average plasma z in c ,  copper and magnesium c o n c e n t r a t io n s  f o r  th e  
r e s i d e n t s  were com parable to  c o n t r o l  v a lu e s  (Table  6 . 3 ) .  Values f o r  
plasma z in c  were in  th e  normal r a n g e ,  ex cep t f o r  one r e s i d e n t  who had 
an abnorm ally  low plasma c o n c e n t r a t i o n .  A lso , s i g n i f i c a n t l y  more o f  
th e  r e s i d e n t s  (33 %) than  c o n t r o l s  (11 %) had low magnesium l e v e l s  and 
an a p p r e c ia b le  number o f  s u b je c t s  (29 % o f  r e s i d e n t s  and 40 % o f
c o n t r o l s )  had plasma copper c o n c e n t r a t i o n s  t h a t  were low er th a n  th e  
low er l i m i t  o f  normal o f  13 u m oles /m l.
The average  plasma calc ium  c o n c e n t r a t io n  in  th e  r e s i d e n t s  was
s i g n i f i c a n t l y  h ig h e r  than  t h a t  f o r  c o n t r o l s .  This d i f f e r e n c e  a r i s e s  
because  s i g n i f i c a n t l y  more o f  th e  c o n t r o l s  (89 %) than  r e s i d e n t s  (33 %) 
had plasma l e v e l s  t h a t  were l e s s  th a n  th e  low er l i m i t  o f  normal o f  2 .4  
m m oles /m l.
6 .3 .2  Tryptophan & R ela ted  V a r ia b le s
T o ta l  and plasma-bound t ry p to p h a n ,  n o n - e s t e r i f i e d  f a t t y  a c i d s  (NEFA) 
and in s u l i n  c o n c e n t r a t io n s  were low er in  th e  r e s i d e n t s  th a n  in
c o n t r o l s ,  though th e se  d i f f e r e n c e s  were s t a t i s t i c a l l y  i n s i g n i f i c a n t  a t  
th e  5 % l e v e l  o f  s i g n i f i c a n c e  (T able  6 . 4 ) .  A lso , mean v a lu e s  f o r  f r e e
t ry p to p h a n  and albumin were s t a t i s t i c a l l y  s i m i l a r  between th e  two
groups o f  s u b j e c t s .
When th e  groups were broken down acc o rd in g  to  sex ,  i t  was found t h a t  
th e  plasma t o t a l  and bound c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  low er in  
female r e s i d e n t s  as  compared to  fem ale c o n t r o l s .  I n s u l in  and NEFA 
c o n c e n t r a t io n s  were a l s o  s i g n i f i c a n t l y  low er in  th e  fem ale  r e s i d e n t s .  
The male r e s i d e n t s  had a p p re c ia b ly  h ig h e r  plasma t o t a l  and bound
1 4 8 a
t ry p to p h a n  c o n c e n t r a t io n s  th a n  th e  c o n t r o l s .  However, a s  o n ly  a sm all  
number o f  male s u b je c t s  were a v a i l a b l e ,  l e s s  emphasis i s  p la ced  on 
th e se  f in d i n g s .
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Table 6 .3
M inera l S ta tu s  o f  R es id en ts
in  P a r t  I I I  Ac comm od a t  io n  and H ealthy  C on tro l Sub^iects
M ineral S u b jec t (No) Mean S tandard  Normal % Below 
D ev ia t io n  Range Normal
Zinc
(u moles/m l)
R es iden ts  ( 7) 10.90 3 .13
C o n tro ls  ( 1 0 )  12.63 1.74
7-20 14
0
Copper 
(u m oles/m l)
R es id en ts  ( 7 )  14.94 4 .69
C o n tro ls  ( 1 0 )  13.80 3 .08
13-24 29
40
Magnesium 
(m m oles/ml)
R es id en ts  ( 6) 0.81 0 .1 8
C o n tro ls  ( 9) 0 .88  0 .15
0 . 7- 1. 0 33 + 
11
Calcium 
(m moles/m l)
R es iden ts  ( 6 )  *3 .04  1.22 2 .4 - 2 .6  16 ++
C o n tro ls  ( 9 )  2 .09  0 .37  89
P -v a lu es  shown * when P<0.05.
Chi Test P -value  shown + when P<0.05; ++ when P<0.01
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6 .4  Discuss ion
When d i s c u s s in g  the  n u t r i t i o n  o f  th o se  in  p a r t  I I I  accommodation i t  i s  
im p o r ta n t  to  r e a l i s e  why th e s e  have become r e s i d e n t s .  Many o f  th e  
r e s i d e n t s  were ad m itted  to  th e  r e s i d e n t i a l  homes because  o f  im m o b il i ty ,  
be ing  in c a p a b le  to  lo o k  a f t e r  th em se lves  a t  home e s p e c i a l l y  when t h e r e  
was l a c k  o f  h e lp  in  th e  home. T h e re fo re ,  t h e i r  n u t r i t i o n  a t  th e  t im e  
o f  e n t r y  i n t o  th e  r e s i d e n t i a l  home may be poor and as seen  by Read e t  
a l  ( 1969 ) ,  may improve over a s ix -m on th  p e r io d  o f  be ing  in  th e  home. 
However, a l l  the  r e s i d e n t s  i n  t h i s  s tu d y  had been in  th e  home f o r  
lo n g e r  than  s i x  months, so t h a t  any f in d in g s  o f  low n u t r i t i o n a l  s t a t u s  
cou ld  n o t  be a t t r i b u t e d  to  i n i t i a l l y  low s t a t u s  a t  home.
Data from 3-day  weighed d i e t a r y  in t a k e s  o f  a s c o rb ic  a c id  (mean 19.9 
mg/day f o r  r e s i d e n t s  and 49 .1  mg/day f o r  c o n t r o l s )  s u g g e s ts  t h a t  th e
lower plasma l e v e l s  o f  a s c o r b ic  a c id  in  th e  r e s i d e n t s  was due to  th e
low d i e t a r y  in t a k e s  o f  t h i s  v i ta m in  (97 % o f  th e  r e s i d e n t s  consumed 
l e s s  th an  th e  RDA, a s  compared to  25 % o f  th e  c o n t r o l s ) .  A ctua l
in ta k e s  o f  v i tam in  C by r e s i d e n t s  was l i k e l y  to  be much l e s s  th a n  
’ c a l c u l a t e d ’ v a lu es  from Food T ab le s ,  s in c e  food was o f t e n  k ep t  f o r  1/2 
-  1 hour b e fo re  s e r v i c e ,  and as a s c o r b ic  a c id  i s  e a s i l y  o x id iz e d  on 
s ta n d in g  ( P l a t t  e t  a l ,  1976), i t  must be assumed t h a t  a t  l e a s t  50 % o f  
th e  d i e t a r y  a s c o rb ic  a c id  was l o s t .  To what e x t e n t  smoking p layed  a 
p a r t  i n  d e p re s s in g  plasma a s c o rb ic  a c id  l e v e l s  (Burr e t  a l , 1974) canno t 
be e l u c id a t e d ,  a s  no in fo rm a t io n  was a v a i l a b l e  re g a rd in g  th e  smoking 
h a b i t s  o f  th e  s u b j e c t s .  However, u n l ik e  e a r l i e r  f in d i n g s  (V ir  &
L ove,1979a),  when low plasma a s c o r b ic  a c id  l e v e l s  cou ld  have been 
a t t r i b u t e d  to  smoking , i t  i s  d o u b t fu l  w hether smoking h a b i t s
in f lu e n c e d  th e  r e s u l t s  i n  th e  p r e s e n t  s tu d y  to  any s i g n i f i c a n t  d e g re e .
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F urtherm ore ,  from p a s t  ev idence  (V ir  & L ove,1979a),  th e  in c id e n c e  o f  
smoking amongst p a r t  I I I  accommodation r e s i d e n t s  i s  n o t  a p p r e c ia b ly  
h ig h  (23  %) and i s  com parable to  th o se  l i v i n g  a t  home (29 %)•
Buffy l a y e r  a s c o rb ic  a c id  r e f l e c t s  t i s s u e  s t a t u s  and i t  m ight be 
expec ted  t h a t  v a lu e s  f o r  t h i s  index  would be lower i n  th e  r e s i d e n t s .  
The f a c t  t h a t  th e  r e s i d e n t s  had an unexp ec ted ly  h ig h e r ,  though 
i n s i g n i f i c a n t ,  mean b u ffy  l a y e r  c o n c e n t r a t io n  th an  c o n t r o l s ,  d e s p i t e  
m arkedly  low er in ta k e s  m e r i t s  f u r t h e r  c o n s id e r a t io n .  Also such a 
f in d in g  i s  in  c o n t r a s t  to  e a r l i e r  f i n d in g s  (Andrews e t  a l ,  1969). A 
l a r g e  number o f  th e  r e s i d e n t s  were on m e d ic a t io n ,  and th e  m a jo r i t y  were 
on d i u r e t i c s  o r  a n t i in f la m m a to ry  d rugs  f o r  bone p a in .  N e i th e r  c l a s s  o f  
drugs i s  known to  i n t e r f e r e  w ith  a s c o rb ic  a c id  m e tabo lism . I t  i s  
p o s s i b l e  t h a t  th e  l a c k  o f  re sp o n se  in  th e  b u f fy  la y e r  r e f l e c t s  s t r i c t e r  
le u c o c y te  hom eostas is  in  th e  r e s i d e n t s .  I t  i s  w e l l  known t h a t
le u c o c y te  l e v e l s  ta k e  much lo n g e r  to  f a l l  than  plasma l e v e l s  d u r in g  
tim es  o f  d e p l e t i o n ;  Crandon e t  a l .  (1940) found t h a t  le u c o c y te  l e v e l s  
took  121 days to  f a l l  to  zero  whereas plasma l e v e l s  took  41 days when 
s u b je c t s  were dep rived  o f  v i ta m in  C. A more e f f e c t i v e  h o m e o s ta s is  o f  
a s c o rb a te  in  le u c o c y te s  may be th e  r e s u l t  o f  com pensatory mechanisms. 
As th e  plasma l e v e l s  f a l l ,  i n  re sp o n se  to  reduced i n t a k e s ,  le u c o c y te  
h om eostas is  w ith  r e s p e c t  to  a s c o r b ic  a c id  becomes more e f f e c t i v e ,  
p o s s ib ly  a t  th e  r i s k  o f  d e p l e t io n  o f  o th e r  t i s s u e s ,  i n  o rd e r  to
p re s e rv e  f u n c t io n  a s s o c ia t e d  w ith  a s c o r b ic  a c i d ,  such a s  th e  immune
fu n c t io n  (Thomas & H o l t , 1978). The i n t e g r i t y  o f  th e  immune f u n c t io n  
d e c l in e s  w ith  age (C h a n d ra ,1981), so i t  i s  n o t  u n re a so n a b le  to  suppose 
t h a t  com pensatory mechanisms e x i s t  to  p re s e rv e  fu n c t io n  d u r in g  t im es  o f  
s t r e s s , a s  ap p ea rs  to  be th e  case  w ith  a s c o rb ic  a c id  in  th e  CNS 
(Bradbury, 1979a). I f  t h i s  i s  t r u e  th e n  r e s i d e n t s  i n  p a r t  I I I
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accommodation a r e  to  be reg a rd ed  as a h ig h  r i s k  c a te g o ry  f o r  s t r e s s  and 
n u t r i t i o n a l  d e f i c i e n c y .  F u rthe rm ore ,  low plasma a s c o r b ic  a c id  i s
a s s o c ia t e d  w ith  d i s o r d e r s  o f  l i p o p r o t e i n  m etabolism  in  th e  e l d e r l y ,  and 
may be an im p o r ta n t  ’ r i s k  f a c t o r ’ in  development o f  ischaem ic  h e a r t  
d i s e a s e  (Horsey e t  a l , 1981). One o th e r  p o s s i b i l i t y  must be m en tioned ,  
and t h a t  i s  b u f fy  la y e r  com prises  p l a t e l e t s  and th e  anomaly i n  b u f fy
l a y e r  a s c o rb ic  a c id  c o n c e n t r a t io n  may be due to  d i f f e r e n c e s  i n  p l a t e l e t
r a t h e r  th an  le u c o c y te  c o n te n t .  Gibson e t  a l  (1966) su g g e s te d
m u l t ip ly in g  by v a r io u s  f a c t o r s  depending on w hether th e  p a t i e n t  i s  
th rom bocytopenic  o r  th rom bocythaem ic.
A h ig h e r  p ro p o r t io n  o f  r e s i d e n t s  had b io ch em ica l  ev idence  o f  th ia m in e  
d e f i c i e n c y  than  t h a t  r e p o r te d  in  an e a r l i e r  s tu d y  (V ir  & Love,1979a) 
when a p re v a le n c e  o f  12 % th iam ine  d e f i c i e n c y  was found among r e s i d e n t s  
o f  p a r t  I I I  accommodation. S u b - c l i n i c a l  d e f i c i e n c y  cou ld  have been 
caused by th e  s i g n i f i c a n t l y  low in t a k e s  o f  t h i s  v i ta m in  by th e
r e s i d e n t s .  H alf o f  th e  r e s i d e n t s  had d a i l y  th iam ine  in t a k e s  t h a t  were
l e s s  th a n  th e  RDA a s  compared to  o n ly  8 % o f  c o n t r o l s ,  a m arked ly
h ig h e r  p ro p o r t io n  th an  t h a t  r e p o r te d  by Vir and Love (1 9 7 9 a ) .
T here fo re  th e  d i f f e r e n c e  in  i n t a k e s  between th e  two s t u d i e s  cou ld  
account fo r  th e  d i f f e r e n c e  in  th e  p re v a le n c e  o f  b iochem ica l  d e f i c i e n c y  
s t a t e s  found. Other f a c t o r s  t h a t  cou ld  be r e s p o n s ib le  f o r  th e  low
biochem ica l  s t a t u s  in  th e  p r e s e n t  s tu d y  in c lu d e  m a la b s o rp t io n  and 
d e s t r u c t io n  by a n t a c id s  in  th e  g a s t r o i n t e s t i n a l  t r a c t  (D ick e rso n ,  1978). 
Thiamine d e f i c i e n c y  has  been a s s o c i a t e d  w ith  c o n fu s io n a l  s t a t e s  among 
the  e l d e r l y  (O lder & D ic k e r s o n ,1982), and as h a l f  o f  th e  r e s i d e n t s  had 
some im pairment o f  memory, a symptom a s s o c ia t e d  w ith  a dem enting  
p r o c e s s , th e  low th iam ine  s t a t u s  cou ld  pu t th e  supp ly  o f  t h i s  e s s e n t i a l  
n u t r i e n t  to  the  b r a in  a t  r i s k  in  th e s e  i n d i v i d u a l s  and may c o n t r i b u t e
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t o  th e  m en ta l p i c t u r e .
None o f  th e  s u b je c t s  had e ry th ro c y te  GR o r  AST % a c t i v a t i o n s  t h a t  were 
above th e  h ig h e r  l i m i t  o f  normal (Bayoumi & R o s a lk i ,1 976 ).  A s i m i l a r  
f in d in g  to  t h a t  seen  fo r  r i b o f l a v i n  has been r e p o r te d  (V ir  & 
L ove ,1979a),  b u t  r e s u l t s  f o r  v i ta m in  B-6 a re  in  c o n t r a s t  to  e a r l i e r  
f in d in g s  o f  61.5  % v i tam in  B-6 b iochem ica l d e f i c i e n c y  s t a t e s  among 
s u b je c t s  in  r e s i d e n t i a l  accommodation (V ir  & L o v e ,1979). Such a 
d i s p a r i t y  cou ld  be e x p la in e d  by th e  d i f f e r e n c e s  i n  methodology used  f o r  
a s s e s s in g  B-6 s t a t u s  and th e  d i f f e r e n t  ’ n o r m a l i t y ’ l i m i t s  a d o p ted :  Vir
& Love (1979) measured whole b lood a la n in e - a m in o t r a n s f e r a s e  (ALT) 
a c t i v a t i o n  c o e f f i c i e n t s  and used low er ’ c u t - o f f ’ p o in t s  ( s e e  C hapter 2, 
s e c t i o n  2 . 2 . 2  f o r  f u r t h e r  d i s c u s s io n  on m ethodology).  The f in d i n g s  o f  
adequa te  and s im i l a r  r i b o f l a v i n  and v i ta m in  B-6 s t a t u s  f o r  r e s i d e n t s  
and c o n t r o l s  g iv e s  no immediate cause  f o r  conce rn ,  d e s p i t e  th e  f a c t  
t h a t  a l l  the  r e s i d e n t s  had d i e t a r y  v i ta m in  B-6 in ta k e s  t h a t  were l e s s  
th a n  th e  RDA and a t h i r d  o f  th e s e  a l s o  had d a i l y  r i b o f l a v i n  i n t a k e s  
t h a t  were l e s s  th an  th e  RDA. A danger o f  i n t e r p r e t i n g  th e  p r o p o r t io n  
o f  a sample p o p u la t io n  t h a t  consumes l e s s  th a n  th e  RDA i s  t h a t  th e  RDA 
f i g u r e s  were fo rm u la ted  as  a gu ide  to  p o p u la t io n  groups and n o t  f o r  
i n d i v i d u a l s .  From th e  v e ry  n a tu re  o f  th e  RDA, a p ro p o r t io n  o f  s u b j e c t s  
i s  found t h a t  consumes l e s s  th an  th e  recommended a l low ance  in  
p o p u la t io n  s u r v e y s . In  t h i s  s tu d y  th e  RDA i s  used as a y a r d s t i c k  to  
a s s e s s  d i f f e r e n c e s  between g ro u p s ,  and i t  i s  s a f e  to  i n t e r p r e t  f i n d i n g s  
on a p r o b a b i l i t y  b a s i s ,  i . e .  i f  a h ig h e r  p ro p o r t io n  o f  one group 
consumes l e s s  th a n  th e  RDA th en  t h a t  group i s  more l i k e l y  to  be 
d e f i c i e n t  in  t h a t  n u t r i e n t  th an  th e  o th e r  g roup . The d i f f e r e n c e  was 
most a p p a re n t  f o r  v i ta m in  B-6, y e t  none had b iochem ica l ev idence  o f  
d e f i c i e n c y .  The r e f e r e n c e  v a lu e s  o f  Bayoumi and R osa lk i (1969) may be
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s e t  too  h ig h .  More work i s  needed in  t h i s  a r e a  b e fo re  a u n i v e r s a l l y  
a c c e p te d  r e f e r e n c e  v a lu e  i s  o b ta in e d .
One t h i r d  o f  th e  r e s i d e n t s  had low serum f o l a t e  c o n c e n t r a t i o n s  and t h i s  
p ro p o r t io n  was s i m i l a r  to  t h a t  seen  by Read e t  a l  (1965) and V ir  and 
Love (1979 ) .  Read e t  a l  (1965) ,  su g g es ted  t h a t  th e  low l e v e l s  were due 
to  low d i e t a r y  in t a k e s  and reduced  demands as  a consequence o f  s low er 
c e l l u l a r  a c t i v i t y .  In our s tu d y ,  th e  low er l e v e l s  cou ld  be a t t r i b u t e d  
to  low er d i e t a r y  in t a k e s  ( a l l  th e  r e s i d e n t s  had in ta k e s  t h a t  were l e s s  
th a n  th e  RDA, and th e  mean in t a k e s  f o r  c o n t r o l s  was s i g n i f i c a n t l y  
h ig h e r  than  th o se  o f  r e s i d e n t s ) . Whether o r  n o t  such low i n t a k e s  were 
caused by reduced  c e l l u l a r  demands i s  an i n t e r e s t i n g  p o s s i b i l i t y .  I f ,  
i n  th e  r e s i d e n t s  t h e r e  was reduced c e l l u l a r  demands, th e n  t i s s u e  s t a t u s  
would n o t  be expec ted  to  become d e p le te d .  This ap p e a rs  to  be th e  case  
w ith  th e  r e s i d e n t s  as  none o f  th e s e  s u b je c t s  had low e r y th r o c y te  
l e v e l s ,  and e ry th ro c y te  f o l a t e  i s  reg a rd ed  as a more s e n s i t i v e  index  o f  
t i s s u e  s t a t u s  (V arad i & E lw is,1966) than  serum l e v e l s .  I f  th e
r e s i d e n t s  had reduced c e l l u l a r  demands compared to  c o n t r o l s ,  th e n  t h i s  
cou ld  on ly  be t r u e  i f  i n  th e  r e s i d e n t s  th e r e  was an u n d e r ly in g  
b iochem ica l a b b e r a t io n .  As h a l f  o f  th e  r e s i d e n t s  had some im pairm ent 
o f  memory, th en  t h i s  m en ta l d y s fu n c t io n  might be r e s p o n s ib l e  f o r  any 
such b iochem ica l a b n o rm a l i ty .  I t  i s  n o t  u n rea so n a b le  to  suppose t h a t  
reduced  demands o f  a p a r t i c u l a r  n u t r i e n t  i s  accompanied by reduced  
demands f o r  many o th e r  n u t r i e n t s ,  th ro u g h  d ec re ase d  a p p e t i t e .  This 
ap p e a rs  to  be th e  case  a s  d i e t a r y  in t a k e s  o f  o th e r  n u t r i e n t s ,  i n c lu d in g  
p r o t e i n ,  v i ta m in  C, th ia m in e ,  p y r id o x in e  and n i c o t i n i c  a c i d ,  were 
s i g n i f i c a n t l y  low er in  th e  r e s i d e n t s .  However, i t  was no ted  by th e  
d i e t i t i a n  in  ch arge  t h a t  th e  r e s i d e n t s  v e ry  o f te n  a t e  e v e ry th in g  pu t 
b e fo re  them. While t h i s  in fo rm a t io n  a lo n e  i s  n o t  enough to  i n t e r p r e t
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t h a t  th e  r e s i d e n t s ’ a p p e t i t e s  were n o t  a f f e c t e d ,  t h e r e  i s  l i t t l e  doubt 
t h a t  th e  b iochem ica l in a d e q u a c ie s  seen  i n  th e s e  s u b je c t s  were caused  by 
d i e t a r y  l a c k ,  and the  p o s s i b i l i t y  o f  reduced  a p p e t i t e  be ing  th e  cause  
seems rem ote .
Low d i e t a r y  in ta k e s  o f  magnesium have been r e p o r te d  among p a r t  I I I  
accommodation r e s i d e n t s  (V ir  & L ove ,1979a) ,  bu t d i e t a r y  i n t a k e s  a r e  n o t  
u s u a l l y  a s s o c ia t e d  w ith  b lood l e v e l s :  no c o r r e l a t i o n  was found f o r
th e se  two v a r i a b l e s  in  th e  s u b j e c t s  i n  t h i s  s tu d y .  A lso , th e  av e ra g e  
plasma magnesium l e v e l s  o f  th e  r e s i d e n t s  was com parable to  c o n t r o l  
v a lu e s ,  b u t  s i g n i f i c a n t l y  more o f  th e  r e s i d e n t s  th a n  c o n t r o l s  had 
plasma l e v e l s  t h a t  were m a rg in a l ly  below th e  lower l i m i t  o f  no rm al.  
This f in d in g  i s  a cause f o r  co n ce rn ,  f o r  u n l ik e  o th e r  b lood  com ponents, 
o n ly  a s l i g h t  d e v ia t io n  from th e  ’ norm’ in  e l e c t r o l y t e  c o n c e n t r a t i o n  
can r e s u l t  in  c l i n i c a l  symptoms o f  d e f i c i e n c y  t h a t  in c lu d e  m uscle  
w eakness , m enta l c h a n g e s , vasospasm and e l e c t r o l y t e  d i s tu r b a n c e  
(L indem ann,1982) .  P o s s ib le  cau ses  f o r  th e  low plasma magnesium l e v e l s  
seen  i n  th e  r e s i d e n t s  in c lu d e  m a la b so rp t io n  o r  d i u r e t i c  th e r a p y .  The 
f a c t  t h a t  s i g n i f i c a n t l y  fewer o f  th e  r e s i d e n t s  th a n  c o n t r o l s  were 
hypocalcaem ic i n d i c a t e s  t h a t  th e  plasm a magnesium l e v e l s  were n o t  low 
enough to  a f f e c t  ca lc ium  m etabolism  to  any s i g n i f i c a n t  d e g re e .  A 
h ig h e r  p ro p o r t io n  o f  th e  r e s i d e n t s  th a n  c o n t r o l s  had ca lc ium  l e v e l s  
above th e  h ig h e r  l i m i t  o f  norm al; a f in d in g  t h a t  cou ld  n o t  be 
e x p la in e d  by d i e t a r y  in t a k e  d a ta  ( mean calc ium  and V itam in D i n t a k e s  
f o r  r e s i d e n t s  were 780 mg and 1 .85 u g /day  r e s p e c t i v e l y ,  and f o r  
c o n t r o l s  were 884mg and I .80  ug /d ay ,  r e s p e c t i v e l y ) .  H ypercalcaem ia can 
r e s u l t  in  a ran g e  o f  d e b i l i t a t i n g  d i s o r d e r s  t h a t  in c lu d e  n eu rom uscu la r  
and p s y c h i a t r i c  d i s tu rb a n c e s  (Lindemann, 1982). The memory d e f i c i t  
f r e q u e n t ly  a s s o c ia t e d  w ith  hyperca lcaem ia  i s  o f  d i r e c t  r e l e v a n c e  to
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t h i s  s tu d y ,  a s  h a l f  o f  th e  r e s i d e n t s  had some im pairm ent o f  memory.
The f in d in g s  o f  a h ig h  p re v a le n c e  o f  hypocalcaem ic s t a t e s  amongst th e  
c o n t r o l  s u b je c t s  cou ld  be accounted  f o r  by low in t a k e s  ( < 1 /2  RDA ) o f  
v i ta m in  D i n  th e s e  s u b j e c t s ,  s in c e  v i ta m in  D i s  n e c e s s a ry  f o r  th e  
p roper  i n t e s t i n a l  a b s o rp t io n  o f  ca lc ium  (Wilz e t  a l . ,1 9 8 1 ) .
There i s  in c r e a s in g  i n t e r e s t  i n  th e  z in c  and copper n u t r i t u r e  o f  th e  
e l d e r l y .  I t  i s  s t i l l  n o t  c l e a r  how im p o r ta n t  f in d in g s  a r e  o f  d e c re a se d  
plasma z in c  w ith  age (Lindemann, 1982;V ir & L ove,1979b). In a n im a ls ,  
z in c  d e p r iv a t io n  r e s u l t s  in  a r a p id  f a l l  o f  plasma l e v e l s ,  and a n o re x ia  
and c e s s a t i o n  o f  growth becomes a p p a re n t  w i th in  3 days (W ilk in s  e t  
a l , 1972). ]jnpaired immune f u n c t io n ,  s k in  l e s i o n s  and d ia r r o h e a  a l s o  
deve lops  and c o n t in u a t io n  on th e  z in c  d e f i c i e n t  d i e t  e v e n t u a l l y  l e a d s  
to  d ea th  o f  th e  animal (Golden & G o ld e n ,1981). I t  a p p e a rs  t h a t  i n  
humans, z in c  d e f i c i e n c y  i s  no rm ally  a s s o c ia t e d  w ith  m a l n u t r i t i o n  and 
has many f e a t u r e s  in  common w ith  e s s e n t i a l  amino a c id  d e f i c i e n c y ,  so 
t h a t  symptoms o f te n  a s c r ib e d  to  p r o t e i n  d e f i c i e n c y  may in  f a c t  be due
to  z in c  d e f i c i e n c y  (Golden & G o ld e n ,1981). B ut, c l i n i c a l  o r
b iochem ica l  z in c  d e f i c i e n c y  i s  n o t  a common f in d in g  amongst th e  
e l d e r l y ,  though i t  o ccu rs  w ith  a c r o d e r m a t i t i s  e n t e r o p a th i c a ,  a 
c o n g e n i ta l  d i s e a s e  t h a t  i s  caused by im paired  a b s o r p t io n ,  and w ith  
a d u l t s  on p a r e n t e r a l  h y p e ra l im e n ta t io n  w ith o u t adequa te  su p p le m e n ta t io n  
(L indem an,1982) .  V ir & Love (1979b) found a sm all  p ro p o r t i o n  o f
i n s t i t u t i o n a l i s e d  and n o n - i n s t i t u t i o n a l i s e d  e l d e r l y  (3 ou t o f  a t o t a l  
o f  146 s u b je c t s )  having low plasma z in c  l e v e l s .  The low l e v e l s  were 
a t t r i b u t e d  to  pulmonary i n f e c t i o n  and p r o t e i n  m a l n u t r i t i o n ,  b u t  i t  was 
n o t  c l e a r  w hether th e se  s u b je c t s  were in  f a c t  d e f i c i e n t  i n  z i n c ,  a s  
h a i r  z in c  l e v e l s  were n o t  d e p re s s e d .  H air z in c  i s  c o n s id e re d  a
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r e l i a b l e  index  o f  t i s s u e  s t o r e s  (Solomons, 1979). In th e  p r e s e n t  
s tu d y ,  o n ly  one o f  th e  r e s i d e n t s ,  f o r  which r e l i a b l e  d a t a  was o b ta in e d ,  
had a plasma z in c  l e v e l  l e s s  th a n  7 u m ole/m l. A number o f  f a c t o r s  a r e  
a s s o c ia t e d  w ith  low plasma z in c  l e v e l s ;  ca lc ium  and h igh  d i e t a r y  f i b r e  
in t a k e s  i n h i b i t s  i n t e s t i n a l  a b s o r p t io n ,  though r e c e n t  ev id en ce  s u g g e s ts  
t h a t  z in c  a b s o rp t io n  in  man i s  u n a f f e c te d  by calc ium  in t a k e s  (Spencer 
e t  a l , 1984). Approxim ately 2/3 o f  plasma z in c  i s  bound to  a lbum in , and 
lower plasma z in c  l e v e l s  found in  th e  e l d e r l y  have been a t t r i b u t e d  to  
lower albumin c o n c e n t r a t i o n s  (V ir  & L o v e ,1979). N e v e r th e le s s ,  th e s e  
f a c t o r s  cou ld  n o t  accoun t f o r  th e  f in d in g  in  t h i s  r e s i d e n t ,  a s  d i e t a r y  
calc ium  and f i b r e  in t a k e s  and the  plasma albumin c o n c e n t r a t i o n  f o r  t h i s  
s u b je c t  was in te rm e d ia te  between v a lu e s  o b ta in e d  f o r  th e  o th e r  
s u b j e c t s .  Moreover, th e  d a i l y  z in c  in ta k e  f o r  t h i s  r e s i d e n t  was h ig h e r  
th an  t h a t  o f  th e  o t h e r s .  Plasma z in c  l e v e l s  a re  de te rm ined  by th e  
m e tab o lic  s t a t e  o f  th e  s u b j e c t  (Golden & G o ld e n ,1982), and i t  i s  
p o s s i b l e  t h a t  t h i s  s u b je c t s  was in  a h ig h  a n a b o l ic  s t a t e .  A slo , ene rgy  
in t a k e  fo r  t h i s  r e s i d e n t  was h ig h e r  th an  th e  mean f o r  th e  o th e r  
r e s i d e n t s  ( 9 .2  MJ/day and 6 .2  MJ/day, r e s p e c t i v e l y ) ,  and above th e  RDA 
f ig u r e  o f  9 MJ/day)
Copper d e f i c i e n c y  in  humans r e s u l t s  i n  anaem ia, th rough  im pairm ent o f  
i r o n  a b so b p t io n ,  and s c o r b u t i c  bone changes (Golden & G o ld e n ,1982). In 
a n im a ls ,  b r a in  ca techo lam ine  c o n te n t  a r e  d ec re ase d  (Morgan & 
O’D e l l , 1977), and t h i s  may le a d  to  im paired  b r a in  f u n c t i o n .  Klevay 
(1970) ,  among o t h e r s ,  found an in c r e a s e  i n  plasma copper w ith  a g e ,  a 
f in d in g  t h a t  was n o t  confirm ed by V ir & Love (1979) ,  though in  th e  
l a t t e r  s tu d y ,  to o  narrow  an age range  may have in f lu e n c e d  th e  f i n d i n g s .  
In th e  p r e s e n t  s tu d y ,  an a p p r e c ia b le  number o f  s u b je c t s  (29 % o f  
r e s i d e n t s  and 40 % o f  c o n t r o l s )  had low plasm a copper l e v e l s ,  which may
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be accounted  f o r  by th e  low d i e t a r y  in t a k e s  o f  t h i s  n u t r i e n t ,  s i n c e  a l l  
th e  r e s i d e n t s  and 11 o f  th e  12 c o n t ro l  s u b je c t s  consumed l e s s  th a n  th e  
RDA, and in  most c a s e s  l e s s  th a n  1/2 th e  RDA. A lso, th e  d i f f e r e n c e  in  
p re v a len ce  o f  low plasma copper l e v e l s  between th e  groups cou ld  have 
r e s u l t e d  from th e  s i g n i f i c a n t l y  low er i n t a k e s  by th e  c o n t r o l s .  Copper 
d e f i c i e n c y  i s  c o n s id e re d  a r a r e  f in d in g  in  man (L indem ann ,1982). 
However, f in d i n g s  in  t h i s  s tu d y  su g g e s t  t h a t  copper d e f i c i e n c y  may be 
more p r e v a le n t  amongst th e  e l d e r l y  than  p re v io u s ly  th o u g h t .
R es id e n ts  in  p a r t  I I I  accommodation ap p ea r  n o t  on ly  to  be a v u ln e r a b le  
group as  r e g a rd s  d ev e lo p in g  n u t r i t i o n a l  d e f i c i e n c y  d i s e a s e ,  b u t  from 
Hare Sca le  r e s u l t s  may be a v u ln e ra b le  s e c t i o n  o f  th e  i n s t i t u t i o n a l i s e d  
e l d e r l y  fo r  development o f  s e n i l e  d em en tia .  T h e re fo re ,  th e  s tu d y  o f  
try p to p h a n  and r e l a t e d  v a r i a b l e s  i n  th e  plasma o f  th e  r e s i d e n t s  i s  o f  
i n t e r e s t  because o f  th e  im portance  o f  plasma try p to p h a n  c o n c e n t r a t i o n s  
f o r  5-HT s y n th e s i s  in  th e  b r a in  ( F e r n s t r o m ,1982), and because  o f  th e  
im p l ic a t io n s  o f  t h i s  n e u r o t r a n s m i t t e r  i n  th e  p a th o g e n e s is  o f  s e n i l e  
dem en tia .  The female r e s i d e n t s  had s i g n i f i c a n t l y  low er plasma 
c o n c e n t r a t i o n s  o f  t o t a l  and bound t ry p to p h a n ,  t r e n d s  t h a t  a r e  s i m i l a r  
to  th o se  seen in  p a t i e n t s  w ith  s e n i l e  dem entia  (C hap te r  3 ) .  These 
f in d in g s  cou ld  n o t  be ex p la in e d  by d i e t a r y  i n t a k e s , a s  mean t ry p to p h a n  
in t a k e s  were s im i l a r  between th e  g r o u p s , nor by th e  o th e r  measurements 
made o f  t ry p to p h an  r e l a t e d  v a r i a b l e s .  These f in d in g s  a r e  ta k e n  to  
su g g es t  an a s s o c i a t i o n  between th e  memory im pairm ent seen  amongst th e  
r e s i d e n t s  and th e  d ec re ase d  c o n c e n t r a t i o n s  o f  t o t a l  and plasm a bound 
try p to p h a n  from c o n t ro l  v a lu e s .  F u rtherm ore ,  when th o se  r e s i d e n t s  
hav ing  ev idence  o f  memory d e f i c i t  were compared to  th o se  t h a t  were 
m e n ta l ly  norm al, from Hare S ca le  r a t i n g s  ( H a r e ,1978), i t  was found t h a t  
th e se  s u b je c t s  had lower mean plasma c o n c e n t r a t i o n s  o f  t o t a l  and bound
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t ry p to p h a n .
This s tu d y  has  r e v e a le d  a h ig h  p re v a le n c e  o f  b ioch em ica l  d e f i c i e n c y  o f  
v i ta m in s  and m in e ra ls  among r e s i d e n t s  o f  p a r t  I I I  accommodation. 
N u tr ie n t  b iochem ica l d e f i c i e n c i e s  most p r e v a le n t  were a s c o r b ic  a c i d ,  
f o l i c  a c id ,  th iam in e  and magnesium and co p p er .  In  most c a s e s ,  th e s e  
could  be e x p la in e d  by d i e t a r y  l a c k ,  b u t  t h e r e  were unexpec ted  re sp o n se s  
in  th e  b u f f e r  l a y e r  a s c o rb ic  a c id  and e ry th ro c y te  f o l i c  a c i d ,  f in d i n g s  
taken  to  i n d i c a t e  a l t e r e d  le u c o c y te  hom eostas is  and a l t e r e d  f o l a t e  
m eatbo lism . The s i m i l a r i t y  in  f in d i n g s  o f  low er plasma try p to p h a n  in  
th e  r e s i d e n t s  to  t h a t  r e p o r te d  e a r l i e r  f o r  p a t i e n t s  w ith  s e n i l e  
dem entia  ( s e e  Chapter 3 ) ,  adds su p p o r t  to  th e  h y p o th e s i s  t h a t  th e  
memory im pairm ent seen in  p a t i e n t s  w ith  s e n i l e  dem entia  may be caused 
by low plasma try p to p h a n  l e v e l s ,  which may h e lp  to  e x p la in  th e  
p rev a len ce  o f  memory im pairm ent seen  in  th e  p a r t  I I I  accommodation 
r e s i d e n t s .  Other p o s s ib le  c o n t r i b u t i n g  f a c t o r s  i n  th e  r e s i d e n t s  
in c lu d e  hypercalcaemia and hypomagnasemia.
With th e  in c r e a s in g  p ro p o r t io n  o f  th e  p o p u la t io n  re a c h in g  o ld  ag e ,  th e  
demand fo r  p a r t  I I I  accommodation p la c e s  i s  l i k e l y  to  i n c r e a s e .  The 
p roper p r o v is io n  o f  adequa te  n u t r i t i o n  to  p e rso n s  l i v i n g  in  th e s e  
i n s t i t u t i o n s  i s  o b v io u s ly  im p o r ta n t ,  and from f in d in g s  d is c u s s e d  above 
th e r e  i s  s u f f i c i e n t  reason  to  s u s p e c t  t h a t  t h i s  s e c t i o n  o f  th e  
i n s t i t u t i o n a l i s e d  e l d e r l y  i s  a t  r i s k  o f  d ev e lo p in g  o v e r t  c l i n i c a l  
m a ln u t r i t i o n  a s  a consequence o f  p ro longed  d i e t a r y  and b io ch em ica l  
inadequacy . I t  i s  n o t  an o v e re x a g g e ra t io n  to  su g g e s t  t h a t  a rev ie w  o f  
th e  d i e t  o f  th o se  in  p a r t  I I I  accommodation i s  o f  paramount im portance  
and a m a t te r  fo r  immediate a c t i o n .  E s p e c i a l l y  s o ,  a s  some o f  th e  
n u t r i e n t  d e f i c i e n c i e s  found in  t h i s  s tu d y  was r e p o r te d  a lm ost two
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decades ago, and ev idence o f  e x i s t e n c e  o f  m u l t iv i ta m in  d e f i c i e n c i e s  
among p a r t  I I I  accommodation r e s i d e n t s  to d a y  could  o n ly  mean t h a t  t h i s  
s e c t i o n  o f  th e  p o p u la t io n  has remained one o f  r e l a t i v e  n e g l e c t .
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C H A P  T E R 7
THE NUTRITIONAL STATUS OF PATIENTS WITH DEPRESSION
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7.1  Introduction
D epression  i s  th e  most common p s y c h i a t r i c  i l l n e s s  found to d a y .  The 
e x p e c ta t io n  fo r  d eve lop ing  a d e p re s s iv e  i l l n e s s  i n  a l i f e s p a n  o f  75 
y e a r s  has  been e s t im a te d  a t  % i n  men and 5 .8  % i n  women ( S l a t e r  & 
Cowie,1971). I t  i s  p ro b ab ly  th e  h ig h  in c id e n c e  o f  d e p re s s io n  amongst 
p s y c h i a t r i c  p a t i e n t s  t h a t  has c o n t r i b u te d  to  making d e p re s s io n  th e  most 
e x t e n s iv e ly  s tu d ie d  o f  th e  m enta l i l l n e s s e s .  A number o f  c o n f l i c t i n g  
r e p o r t s  appear in  th e  b iochem ica l  l i t e r a t u r e .  N e v e r th e le s s ,  u n i f y in g  
t h e o r i e s  o f  d e p re s s io n  have emerged, and pharm aco log ica l s t u d i e s  have 
been a t  th e  f o r e f r o n t  o f  i n v e s t i g a t i v e  r e s e a r c h  in  d e p r e s s io n .
Ever s in c e  th e  d is c o v e ry  t h a t  th e  h y p e r te n s iv e  drug r e s e r p i n e ,  known to  
d e p le te  b r a in  ca techo lam ine  l e v e l s ,  was a s s o c ia t e d  w ith  d e p re s s io n  and 
th e  h a l lu c o g e n ic  drug l y s e r g i c  a c id  d ie th y la m id e  (LSD) was s t r u c t u r a l l y  
s i m i l a r  to  5-HT, r e s e a r c h e r s  have a t tem p ted  to  r e l a t e  such 
pha rm aco log ica l  a c t io n s  upon CNS n e u r o t r a n s m i t t e r  system s w ith  t h e i r  
b e h a v io u ra l  e f f e c t s  (Wooley & Shaw, 1954;S c h i l d k r a u t ; 1965;Coppen, 1967). 
Two g e n e r a l ly  acc ep ted  t h e o r i e s  o f  th e  d e p re s s iv e  d i s o r d e r s  have 
emerged. These a r e  th e  ca techo lam ine  and indoleam ine t h e o r i e s .  Taken 
t o g e t h e r ,  bo th  t h e o r i e s  p o s t u l a t e  abnormal m etabolism  o f  th e  
c a tech o lam in e s  and th e  indo leam ines  in  d e p re s s io n ,  w ith  mania 
a s s o c ia t e d  w ith  e le v a te d  ca techo lam ine  t r a n s m is s io n  i n  th e  p re se n c e  o f  
indo leam ine d e f i c i t  (Shaw ,1976). With th e  evolvement o f  th e  above 
t h e o r i e s ,  numerous d rugs , i n c lu d in g  th e  t r i c y c l i c  a n t i d e p r e s s a n t s  and 
MAO i n h i b i t o r s ,  have been des igned  to  r e d r e s s  th e  monoamine im balance  
in  th e  hope o f  s t im u la t in g  n e u ro t ra n s m is s io n .
R esea rch e rs  have in  th e  p a s t  devoted  more e f f o r t  to  p h a rm a co lo g ica l
165
s t u d i e s  o f  such d rugs  on b r a in  n e u ro t r a n s m i t ta n c e  th a n  w ith  a d d re s s in g  
them selves  to  how th e  n e u r o t r a n s m i t t e r  a b n o rm a l i t i e s  may have a r i s e n  in  
th e  f i r s t  i n s t a n c e .
A scorbic  a c id  and th e  B v i ta m in s  p la y  key r o l e s  i n  th e  normal 
m etabolism  o f th e  ca tech o lam in e s  and indo leam ines  (se e  C hapter 1 ) .  
Animal s t u d i e s  have shown an im pairm ent o f  c e r e b e l l a r  5-HT i n  th iam in  
d e f i c i e n c y  and in  f o l a t e  d e f i c i e n c y  ( P l a i t a k i s  e t  a l . , 1978; Botez e t  
a l . ,1 9 7 9 ) .  T h e re fo re ,  s u b je c t s  w ith  low v i ta m in  s t a t u s  may be a t  r i s k  
o f  d eve lop ing  d e p re s s iv e  i l l n e s s ,  m ediated  th rough  im pa ired  CNS 
n e u r o t r a n s m i t t e r  m etabo lism . Two b a s ic  approaches  may be adop ted  to  
t e s t  th e  v a l i d i t y  o f  th e  above h y p o th e s i s .  F i r s t l y ,  by d e p r iv in g
normal s u b je c t s  o f  v i ta m in s  in  th e  d i e t ,  one would ex p ec t  d e p r e s s iv e  
symptoms to  d ev e lo p ,  and s eco n d ly ,  th e  n u t r i t i o n a l  a ssessm en t o f  
p a t i e n t s  w ith  d e p re s s io n  should  r e v e a l  low v i tam in  s t a t u s  among th e  
p a t i e n t s ,  w ith  expec ted  improvement on v i tam in  th e ra p y .  The form er 
approach  has  n o t  u s u a l ly  been shown to  cause  d e p re s s iv e  symptoms though 
v i tam in  B12 and f o l a t e  d e f i c i e n c y  a r e  a s s o c ia t e d  w ith  such m en ta l 
symptoms (R e y n o ld s ,1975;Shulm an ,1967). The l a t t e r  approach  has  been 
adopted  in  a few s t u d i e s .  Shulman ( 1967t) concluded t h a t  t h e r e  was a 
tenuous l i n k  between v i ta m in  B12 d e f ic ie n c y  and a f f e c t i v e  d i s o r d e r ;  
p a t i e n t s  w ith  d e p re s s io n  were known to  r e l a p s e  even when on v i ta m in  B12 
t r e a tm e n t  and o th e r  p a t i e n t s  r e m i t t e d  when no v i ta m in  B12 was g iv e n .  
With th e  l a t t e r ,  i t  must be s a id  t h a t  o th e r  t r e a tm e n t  reg im es  were 
u s u a l ly  employed which may have overcome th e  e f f e c t s  o f  v i ta m in  B12 
d e f i c i e n c y .  Carney (1967a) ,  among o t h e r s ,  found low serum f o l i c  a c id  
l e v e l s  among p s y c h i a t r i c  p a t i e n t s ,  and low v i tam in  B6 s t a t u s  i n  
d ep re ssed  p a t i e n t s  have been r e p o r te d  by Carney e t  a l .  (1 9 7 9 ) ,  and more 
r e c e n t l y  by Russ e t  a l .  (1984).
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Coppen e t  a l .  (1967) in  a t te m p t in g  to  t r e a t  d e p re s s io n  by a d m in is te r in g  
t ry p to p h an  w ith  o r  w ithou t a MAO i n h i b i t o r ,  i n  o rd e r  to  e l l i c i t  enzyme 
in d u c t io n  and so s t im u la t e  5 -HT, fo cu ssed  a t t e n t i o n  on th e  plasma 
c o n c e n t r a t io n  o f  t ry p to p h an  in  d e p re s s iv e  i l l n e s s .  Such t r i a l s  were 
a t te m p te d  even though a t  t h a t  t im e  th e r e  was no c o n c lu s iv e  ev id en ce  
t h a t  a d m in is te re d  try p to p h an  cou ld  cause  in d u c t io n  o f  t ry p to p h a n
h y d ro x y la se .  That t h i s  i s  so was dem onstra ted  y e a r s  l a t e r  when
Tagliam onte e t  a l .  (1973),  among o t h e r s ,  showed t h a t  th e  m ajor f a c t o r  
r e g u la t in g  5 -HT tu rn o v e r  i n  th e  b r a i n ,  a t  l e a s t  i n  a n im a ls ,  i s  th e  
a v a i l a b i l i t y  o f  t ry p to p h an  to  the  b r a i n .  Lower l e v e l s  o f  plasm a f r e e  
t ry p to p h a n  have been r e p o r te d  in  d ep re ssed  p a t i e n t s  (Coppen e t
a l . , 1 973;Kishimoto & Hama, 1976). However, d i s c r e p a n t  f i n d i n g s  e x i s t  
(Niskanen e t  a l . ,1 9 7 6 ;R ile y  & Shaw ,1976). Only 10 -  20 % o f  serum 
try p to p h an  e x i s t s  in  th e  f r e e  form, th e  r e s t  i s  bound to  album in (Me 
Menamy & O n c le y ,1958). A number o f  v a r i a b l e s  b e s id e s  th e  album in 
c o n c e n t r a t io n  a f f e c t s  t h i s  b in d in g  (se e  Chapter 1 ; 1 . 1 ) .  M oreover, th e  
i n g e s t io n  o f  a h ig h  ca rb o h y d ra te  o r  h igh  p r o t e i n  meal may a l t e r  th e  
a v a i l a b i l i t y  o f  t ry p to p h an  to  th e  b r a i n ;  th e  former ny s t im u la t in g
i n s u l i n  s e c r e t io n  and the  l a t t e r  by i n c r e a s in g ,  d i s p r o p o r t i o n a t e l y ,  th e  
c o n c e n t r a t io n  o f  th e  o th e r  n e u t r a l  amino a c id s  t h a t  compete w ith  
t ry p to p h a n  fo r  th e  same t r a n s p o r t  mechanism (F e rn s t ro m ,1982).
In view o f  th e  above f in d in g s  and r e a s o n s ,  a s tu d y  was c a r r i e d  o u t  to  
a s s e s s  th e  im portance o f  try p to p h a n  and v i ta m in  s t a t u s  in  th e  a e t i o l o g y  
o f  th e  d e p re s s iv e  d i s o r d e r s .  In no s tu d y  has  t h e r e  been an a t te m p t  to  
i n v e s t i g a t e  th e  n u t r i t i o n a l  s t a t u s  o f  d ep re ssed  p a t i e n t s ,  w ith  r e s p e c t  
n o t  o n ly  to  f o l i c  a c i d ,  v i ta m in  B12 and v i tam in  B6, b u t  o f  o th e r  
v i ta m in s  im p o r ta n t  to  n e u r o t r a n s m i t t e r  m etabo lism , and o f  t ry p to p h a n  
and r e l a t e d  v a r i a b l e s  in  th e  same s u b j e c t s .
167
7 . 2  Methodology
Twenty p a t i e n t s  (mean age 4 9 .2  y e a r s ) ,  d iagnosed  as e i t h e r  u n ip o la r  o r  
b ip o l a r  d e p re s s iv e s  acc o rd in g  to  DSM I I I  c r i t e r i a  and an age and 
sex-m atched c o n t r o l  group (T ab le  7 .1 )  were acc ep ted  i n t o  th e  s tu d y .  
None o f  th e  c o n t ro l  s u b je c t s  had a p e r s o n a l  o r  fa m ily  h i s t o r y  o f  
p s y c h i a t r i c  i l l n e s s ,  and a l l  were drug f r e e ,  b u t  e leven  o f  th e  p a t i e n t s  
were m a in ta in ed  on t r i c y c l i c  d rugs  over th e  p e r io d  o f  th e  s tu d y  and 
th r e e  p a t i e n t s  s i m i l a r l y  were on MADIS.
S creen ing  fo r  p h y s ic a l  h e a l th  and th e  methodology adopted  f o r  d i e t a r y  
and b iochem ica l assessm en t o f  n u t r i t i o n a l  s t a t u s  were a s  d e s c r ib e d  
p re v io u s ly  ( se e  Chapter 2 ; 2 .2 )
Table 7 .1 D e t a i l s  o f  S u b je c ts
Sex (No.) Age (y r s )
Mean S.E.
P a t i e n t s
U nipo lar  (n=11) Male (5) 5 2 .0 3 .2
B ip o la r  (n=9) Female (15) 4 8 .3 4. 1
C o n tro ls Male (5) 53 .6 4 .4
Female (15) 4 8 .7 4 .5
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7 . 3  Resul ts
The mean energy  and p r o t e i n  i n t a k e s  f o r  th e  b ip o l a r  d e p re s s iv e s  were 
s i m i l a r  to  th o se  o f  th e  c o n t r o l s .  However th e  fem ale u n ip o l a r  
d e p re s s iv e s  had s i g n i f i c a n t l y  low er (P<0.05) mean energy  in t a k e s  th a n  
t h e i r  h e a l th y  c o n t r o l s  (Tab le  7 . 2 ) .
Table 7 .3  shows th e  r e s u l t s  o f  th e  b iochem ica l  d e te rm in a t io n s  o f  
v i ta m in  s t a t u s .  Both th e  u n ip o la r  and b ip o l a r  d e p r e s s iv e s  had 
s i g n i f i c a n t l y  lower mean e r y th r o c y te  f o l a t e  c o n c e n t r a t io n s  th a n  th e  
c o n t r o l s .
Even though th e  mean v a lu e s  d id  n o t  i n d i c a t e  d e f i c i e n c y ,  a l a r g e r
p ro p o r t io n  o f  u n ip o la r  d e p re s s iv e s  (3 3 .3  % )i and b ip o l a r  p a t i e n t s  (25
%) had low erythrocyte  fo late: levels J^2D0 ng/m l 1  compared to  o n ly  10 % o f
c o n t r o l s .  However, th e s e  d i f f e r e n c e s  d id  n o t  r e a c h  s i g n i f i c a n c e  from 
2
Chi a n a l y s i s .  A lso , compared to  c o n t r o l  v a lu e s ,  th e  b i p o l a r  group had 
s i g n i f i c a n t l y  lower b u f f y l a y e r  c o n c e n t r a t i o n s .  Mean a c t i v a t i o n  
c o e f f i c i e n t s  {%) f o r  t r a n s k e t o l a s e  (TK), g lu t a th i o n e  r e d u c ta s e  (GR) and 
a s p a r t a t e  a m in o tra n s fe ra s e  (AST) were s t a t i s t i c a l l y  s i m i l a r  between th e  
g ro u p s . However, a h ig h e r  % o f  u n ip o la r  d e p re s s iv e s  had in a d e q u a te  
th iam in  s t a t u s  compared to  c o n t r o l s .  This d i f f e r e n c e  was n o t  
s i g n i f i c a n t  from C h i? a n a ly s is .
Three o f  th e  tw enty  d e p re s s iv e s  were on t ry p to p h a n  th e ra p y  and 
th e r e f o r e  d a ta  from th e se  p a t i e n t s  were excluded  from c a l c u l a t i o n s  f o r  
try p to p h a n  and r e l a t e d  v a r i a b l e s .  T o ta l  and plasma f r e e  t ry p to p h a n  
c o n c e n t r a t i o n s  were s im i l a r  between groups (Table  7 . 4 ) .  However, mean 
v a lu e s  f o r  th e  bound try p to p h an  f r a c t i o n s  were low er i n  b o th  th e
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Table 7 . 2
Mean D aily  In ta k e  o f  Energy and P ro te in  by P a t i e n t s  
w i th  D epress ion  and C on tro l  S u b je c ts
Group Sex (No) In ta k e
Mean (S .E .)
Energy (MJ) U n ipo la r M (4) 
F (7)
7 .15
5 .0
1. 2
0.67
B ip o la r M (1) 
F (8)
8.28
7 .63
0 . 0
0.61
C o n tro ls M (5)
F (15)
9 .48
6 .67
1.64
0.39
P r o te in  (g) U nipo la r M (4) 
F (9)
6 2 .2
4 8 .6
8 . 6
5 .4
B ip o la r M (1) 
F (8)
6 1 . 2
6 5 .3
0 . 0
4 .6
C o n tro ls M (5)
F (15)
7 2 .7
59 .7
8 .9
4 .9
* S i g n i f i c a n t l y  lower than  f o r  c o n t r o l s  ( S tu d e n t ’ s T -T e s t ,  P < 0 .0 5 )
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Table 7 .3  Vitam in S ta tu s  o f  U nipolar and B ip o la r  D ep ress iyes  and 
C o n tro l  S u b jec ts
Vitamin Measurement Group (N) Mean (SEM) L im it % w ith  
o f  low 
Normal S ta tu s
Thiamin TK % A ct. U nipolar 9) 4 5 .2 15 .5) 56
B ip o la r 8) 12.1 4 .6 ) <23 25
C o n tro ls 18) 14.9 2 .8 ) 28
R ib o f la v in GR % A ct. U nipolar 10) 35 .4 4 .3 ) 0
B ip o la r 8) 3 9 .4 6 .4 ) <76 0
C o n tro ls 18) 3 3 .2 4 .3 ) 0
Vitam in B-6 AST % A ct. U nipolar 10) 9 1 .5 2 3 .0 ) 10
B ip o la r 7) 69 .0 13 .2) <130 14
C o n tro ls 20) 6 6 .3 5 .5 ) 0
F o la te Serum U nipo la r 10) 5 .6 0 .7 ) 10
(ng/ml) B ip o la r 9) 5 .5 0 .7 ) >2 0
C o n tro ls 20) 6 .0 0 .8 ) 0
E ry th ro c y te U nipolar 8) **298 4 9 .0 ) 0
(ng/ml) B ip o la r 6) *360 7 3 .7 ) >100 0
C o n tro ls 20) 598 100.7) 0
A scorbic Plasma U nipolar 11) *0 .83 0 .1 2 ) 18
Acid (mg/100 ml) B ipo la r 9) 1.03 0. 13) >0.4+ 0
C o n tro ls 20) 1.13 0 .1 0 ) 0
B uffy Coat U nipolar 9) 5 6 .0 9 .2 ) 0
(ug/10® c e l l s ) B ip o la r 8) *50.1 4 .7 ) >18 0
C o n tro ls 19) 66 .9 3 .5 ) 0
* S i g n i f i c a n t l y  lower th an  fo r  c o n t r o l s (T —T e s t , P<0.05)
** II II II II II (T—T e s t , P<0.01)
+ Lowest adequa te  l e v e l  (Hodges & B a k e r ,1978)
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p a t i e n t  group th an  in  th e  c o n t r o l s .  A lso , th e  plasma albumin 
c o n c e n t r a t io n  was lower in  th e  b ip o l a r  group (P < 0 .05 ) ,  and th e  plasma 
NEFA c o n c e n t r a t io n  was h ig h e r  i n  th e  u n ip o la r  d e p r e s s iv e s s  a s  compared 
to  c o n t r o l s  (P < 0 .0 5 ) .  Serum i n s u l i n  c o n c e n t r a t i o n s  were s i m i l a r  
between g ro u p s .
Pearson c o r r e l a t i o n  c o e f f i c i e n t s  were c a l c u l a t e d  between v a r io u s  p a i r s  
o f  m easurem ents. The NEFA c o n c e n t r a t i o n s  c o r r e l a t e d  n e g a t iv e l y  to  a
s i g n i f i c a n t  degree  w ith  th e  bound try p to p h a n  f r a c t i o n  in  b o th  th e
u n ip o la r  ( r  = -  0 .7 1 ;P  = 0 .0 2 )  and b ip o l a r  groups ( r  = -  0 .7 8 ;P  =
0 .0 1 ) ,  bu t was n o t  so c o r r e l a t e d  in  th e  c o n t r o l  group (r= 0 .0 1 ;P  =
0 . 5 ) .  In th e  c o n t r o l s ,  b u t  n o t  th e  d e p r e s s iv e s ,  p lasm a album in was 
p o s i t i v e l y  c o r r e l a t e d  w ith  plasm a bound t ry p to p h a n ,  app roach ing  
s ig n i f i c a n c e  ( r  = 0 .3 6 ;P  = 0 .0 6 ) .
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7 .4  Discuss ion
The u n i p o l a r / b i p o l a r  dichotomy, d e s c r ib e d  by Leonhard (1 9 6 8 ) ,  i s  a 
w ide ly  used c l a s s i f i c a t i o n  o f  d e p re s s iv e  d i s o r d e r s ,  w ith  d i f f e r i n g
g e n e t ic  and c l i n i c a l  c h a r a c t e r i s t i c s  ( P e r r i s ,1966).  As su c h ,  th e
u n d e r ly in g  p a th o lo g ic a l  mechanisms may be d i f f e r e n t  and f o r  t h i s
r e a s o n ,  th e  b iochem ica l  and d i e t a r y  d a t a  f o r  each  group o f  d e p r e s s iv e s
a r e  c o n s id e re d  s e p a r a t e l y .  The u n ip o la r  and b ip o la r  d e p r e s s iv e s  had 
s i g n i f i c a n t l y  lower a s c o rb ic  a c id  s t a t u s  th a n  th e  c o n t r o l s ,  from 
ev idence  o f  e i t h e r  plasma o r  b u f f y l a y e r  l e v e l s ,  bu t n o t  b o th .  B uff  y 
l a y e r  l e v e l s  r e f l e c t  t i s s u e  s to r a g e ;  however plasma l e v e l s  a r e  j u s t  a s  
good an index  o f  a s c o rb ic  a c id  s t a t u s  a s  th e  b u f fy  l a y e r  l e v e l s  (Loh & 
W i ls o n ,1971 ;B ates  e t  a l . , 1979). The b io c h e m ic a l ly  lower s t a t u s  f o r  
a s c o rb ic  a c id  in  our d ep re ssed  p a t i e n t s  may be accounted  f o r  by th e  
low er i n t a k e s  o f  t h i s  v i ta m in  by th e s e  s u b j e c t s ,  s in c e  b o th  th e  
u n ip o la r  and b ip o la r  d e r e s s iv e s  consumed s i g n i f i c a n t l y  l e s s  a s c o r b i c  
a c id  than  d id  the  c o n t r o l s .  The f a c t  t h a t  none o f  th e  d e p r e s s iv e s  had 
b u f fy  l a y e r  l e v e l s  i n d i c a t i v e  o f  in a d e q u a te  s t a t u s ,  and t h a t  a l a r g e r ,
b u t  i n s i g n i f i c a n t l y  s m a l l ,  p r o p o r t io n  o f  th e  u n ip o la r  d e p r e s s iv e s  had
’ low’ plasma a s c o rb ic  a c id  l e v e l s  compared to  c o n t r o l s  shou ld  n o t  be 
i n t e r p r e t e d  as n o t  g iv in g  cause  f o r  conce rn .  I n t e r l a b o r a t o r y  
v a r i a t i o n s  o ccu rs  and each l a b o r a t o r y  should  de te rm ine  i t s  own
re f e r e n c e  ra n g e .  The p o s s i b i l i t y  t h a t  a p p re c ia b ly  lower l e v e l s  may 
have im p o r ta n t  p h y s io lo g ic a l  e f f e c t s  i n  s t r e s s e d  in d i v id u a l s  sho u ld  be 
c o n s id e re d .  Work w ith  an im als  have shown t h a t  hom eostas is  o f  a s c o r b a t e  
o ccu rs  such t h a t  d i e t a r y  d e f i c i e n c y  d e f i c i e n c y  o f  a s c o rb a te  has  l i t t l e  
e f f e c t  on b r a in  a s c o rb a te  l e v e l s  (S p e c to r  & L o re n z o ,1983). I f  th e  same 
i s  t r u e  i n  humans then  i t  i s  u n l i k e l y  t h a t  th e  a v a i l a b i l i t y  o f
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a s c o rb a te  to  th e  b r a in  and b r a in  ca techo lam ine  l e v e l s  cou ld  be im paired  
in  v i ta m in  C d e p le te d  s u b j e c t s .  However, i t  rem ains  a p o s s i b i l i t y  t h a t  
such h o m e o s ta t ic  mechanisms may n o t  f u n c t io n  n o rm ally  i n  m en ta l 
d i s o r d e r s .  This may be o f  r e le v a n c e  a l s o  to  p a t i e n t s  w ith  s e n i l e  
dem entia  who were found to  have s i g n i f i c a n t l y  lower plasma a s c o r b ic  
a c id  l e v e l s  compared to  ag e -  and sex-m atched c o n t r o l  s u b je c t s  ( s e e  
Chapter 3 ) .  E x p lo ra t io n  o f  th e s e  p o s s i b i l i t i e s  a r e  hampered by th e  
absence  o f  a s u i t a b l e  animal model f o r  d e p re s s io n ,  and f o r  t h a t  m a t te r  
s e n i l e  dem en tia .
E ry th ro c y te  f o l a t e  c o n c e n t r a t io n  r e f l e c t  t i s s u e  s to r a g e  whereas serum 
l e v e l s  a re  a f f e c t e d  by r e c e n t  d i e t a r y  f l u c t u a t i o n s ,  and th e  mean 
e r y th r o c y te  f o l a t e  c o n c e n t r a t i o n s  f o r  th e  u n ip o la r  and b i p o l a r  
d e p re s s iv e s  were m arkedly  lower th a n  c o n t r o l  v a lu e s .  U nlike w ith  
a s c o r b ic  a c id ,  t h i s  d i f f e r e n c e  cou ld  n o t  be accounted  f o r  by d i e t a r y  
in t a k e  d a t a ,  s in c e  bo th  group o f  d e p re s s iv e s  consumed s i m i l a r  amounts 
to  the  c o n t ro l  s u b j e c t s ,  a f a c t  which may e x p la in  th e  s i m i l a r i t y  i n  
serum l e v e l s  between th e  g ro u p s .
Our f in d in g  o f  lower e r y th r o c y te  l e v e l s  in  d e p re s s io n  a r e  i n  agreem ent 
w ith  o th e r  w orkers  (A b o u -S a leh ,p e rso n a l  com m unication).
Animals fed  a f o l a t e  d e f i c i e n t  d i e t  no rm ally  deve lop  lower b r a in  5-HT 
c o n t e n t , and i t  has been sugges ted  t h a t  th e  in f lu e n c e  o f  f o l a t e  
d e f i c i e n c y  on 5-HT i n  th e  b r a in  may be m ediated  by th iam in  d e f i c i e n c y  
(Botez e t  a l . ,1 9 7 9 ) .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  low e r y th r o c y te  
f o l a t e ,  compared to  c o n t r o l  v a lu e s ,  and e le v a te d  TK % 
a c t i v a t i o n s , i n d i c a t i v e  o f  th iam in  d e f i c i e n c y  were common f i n d i n g s  among 
th e  p a t i e n t s .  M oreover, o f  th e  5 s u b j e c t s  w ith  e l e v a te d  TK %
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a c t i v a t i o n s ,  t h r e e  had r e l a t i v e l y  low (<200 ng/ml) e r y th r o c y te  f o l a t e  
c o n c e n t r a t i o n s .
Data from t h i s  s tu d y  cou ld  n o t  confirm  th e  f in d in g s  o f  Russ e t  a l .
( 1983 ) ,  o f  th e  h ig h  in c id e n c e  o f  in a d e q u a te  v i ta m in  B6 s t a t u s  i n  
d e p re s s io n .  This a p p a re n t  c o n t r a d i c t i o n  may be e x p la in e d  by th e  
d i f f e r e n t  methods used to  a s s e s s  v i ta m in  s t a t u s .  Russ e t  a l . ( 1 983 ) 
measured e ry th ro c y te  a l a n in e  a m in o t ra n s fe ra s e  a c t iv a t io n s ,w h e r e a s  we
used a s p a r t a t e  a m in o t ra n s fe ra s e  a c t i v a t i o n s .  A lso , we used a h ig h e r  
’ c u t - o f f  p o i n t ’ to  a s s e s s  inadequacy  th a n  most w o rkers .  The danger o f  
u s in g  lower l i m i t s  i s  t h a t  th e  method o f  Bayoumi & R osa lk i i s  an 
o p t im ised  one, and a c t i v a t i o n  c o e f f i c i e n t s  o b ta in e d  by t h i s  method a re  
u s u a l l y  l a r g e r  than  th o se  o b ta in e d  by o th e r  m ethods. Hence i t  seemed 
most a p p r o p r ia te  in  t h i s  s tu d y  to  use th e  ’ c u t - o f f ’ p o in t s  recommended 
by Bayoumi & R osalk i (1976) .  A h ig h  p r o p o r t io n  o f  u n ip o l a r  d e p r e s s iv e s  
had in a d eq u a te  th iam in  s t a t u s .  This f in d in g  could  be o f  p h y s io lo g i c a l  
im portance to  b r a in  5-HT l e v e l s ,  a s  th iam in  d e f i c i e n c y  in d u c es  im p a ired  
5-HT f u n c t io n  in  r a t s  ( P l a i t a k i s  e t  a l . , 1978) and th e r e f o r e  cou ld  be
o f  s ig n i f i c a n c e  in  th e  a e t io lo g y  o f  d e p re s s io n  (Shaw e t  a l , 1976).
Our f in d in g  o f  s i m i l a r  t o t a l  and plasma f r e e  t ry p to p h a n  in  d e p re s s io n  
a r e  i n  c o n f l i c t  w ith  some w orkers  (Wood & C oppen,198O; Kishim oto & 
Hama, 1976), w h ile  in  agreement w ith  o th e r s  (R i le y  & Shaw ,1976; 
N isk inen  e t  a l . , 1976). The f in d in g s  o f  low er plasma-bound t ry p to p h a n  
c o n c e n t r a t io n s  i n  bo th  th e  u n ip o la r  and b ip o l a r  g ro u p s ,  cou ld  be
e x p la in e d  by th e  lower l e v e l s  o f  album in a v a i l a b l e  f o r  b in d in g  in  th e
sample o f  th e  b ip o l a r  p a t i e n t s ,  and th e  h ig h e r  l e v e l s  o f  p lasm a NEFA, 
se rv in g  to  d i s p la c e  th e  b in d in g  o f  t ry p to p h a n  to  album in (Curzon e t  
a l . , 1973) in  th e  u n ip o la r  group o f  d e p r e s s iv e s .  That th e  NEFA
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c o n c e n t r a t io n s  may have been th e  c o n t r o l l i n g  v a r i a b l e  on th e  bound 
try p to p h a n  l e v e l s  in  th e  u n ip o la r  d e p re s s iv e s  i s  su p p o r ted  by th e  f a c t  
t h a t  NEFA was s i g n i f i c a n t l y  p o s i t i v e l y  c o r r e l a t e d  w ith  bound 
t ry p to p h a n .  However, f o r  th e  b ip o l a r  group th e r e  was no c o r r e l a t i o n  
between th e  plasma albumin c o n c e n t r a t i o n s  and bound t ry p to p h a n  
c o n c e n t r a t i o n s ,  a s  would be expec ted  i f  th e  albumin c o n c e n t r a t i o n  was 
th e  c o n t r o l l i n g  param ete r  f o r  th e  bound t ry p to p h an  c o n c e n t r a t i o n s  in  
th e s e  p a t i e n t s , whereas t h e r e  was such a p o s i t i v e  c o r r e l a t i o n  i n  th e  
c o n t r o l  g roup , app roach ing  s i g n i f i c a n c e  (P = 0 .06 ) .
To what e x t e n t  th e  in c re a s e d  c o n c e n t r a t i o n  o f  bound t ry p to p h a n  in  th e  
plasma a f f e c t s  b r a in  t ry p to p h a n  and 5-HT l e v e l s  i s  n o t  c l e a r .  The 
im p o r ta n t  f a c t o r  r e g u l a t i n g  th e  e n t r y  o f  try p to p h a n  to  th e  b r a in  i s  th e  
p ro p o r t io n  o f  t o t a l  plasma t ry p to p h a n  to  th e  sum o f  th e  c o n c e n t r a t i o n s  
o f  th e  o th e r  n e u t r a l  amino a c id s  which compete f o r  th e  same t r a n s p o r t  
mechanism (Fernstrom  e t  a l . ,1 9 7 2 ) .  In bo th  groups o f  d e p r e s s iv e s ,  th e  
mean f a s t i n g  i n s u l i n  c o n c e n t r a t i o n s  were s i m i l a r  to  c o n t r o l  v a l u e s .  
Thus t h e r e  was no ev idence  to  su p p o r t  th e  e f f e c t  o f  i n s u l i n  on th e  
a v a i l a b i l i t y  o f  t ry p to p h a n  to  th e  b r a i n .
The amount o f  p r o t e i n  
in g e s te d  in  a mixed meal c o n t r i b u t e s  to  th e  r a t i o  o f  th e  c o n c n e t r a t i o n
o f  try p to p h a n  r e l a t i v e  to  th e  o th e r  l a r g e  n e u t r a l  amino a c i d s  in  
plasm a: b lood l e v e l s  o f  th e  competing amino a c id s  rem ain s te a d y  i f
normal amounts o f  p r o t e i n  (app rox .  18 % p r o t e i n  by w eigh t f o r  r a t  
foods)  a re  in g e s t e d ,  bu t i n c r e a s e s  i f  h ig h e r  amounts o f  p r o t e i n  a r e  
in g e s te d  (40 # p r o te in  by w eight p roduces  g r e a t e r  th a n  a tw o - fo ld
in c re a s e  in  th e  c o n c e n t r a t io n  o f  plasma v a l in e  a lo n e )  ( F e r n s t r o m ,1982).
In th e  p r e s e n t  s tu d y ,  th e  mean p r o t e i n  in t a k e s  were s i m i l a r  between th e  
d e p re s s iv e s  and th e  c o n t r o l s .  Thus t h e r e  was no ev id en ce  to  su g g e s t
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in c re a s e d  c o n c e n t r a t i o n s  o f  competing amino a c i d s ,  and so d ec re ase d  
a v a i l a b i l i t y  o f  t ry p to p h a n  to  th e  b r a in  in  th e s e  s u b j e c t s .  B inding o f  
t ry p to p h a n  to  albumin i s  c o n s id e re d  n o t  to  p la y  any p h y s io lo g ic a l  r o l e  
in  c o n t r o l l i n g  t ry p to p h an  a v a i l a b i l i t y  to  th e  b r a in  ( F e r n s t r o m ,1982). 
However, bo th  th e  bound and f r e e  form o f  t ry p to p h a n  c r o s s e s  th e  BBB 
( P a r d r i d g e , 1977)• The f a c t  t h a t  th e  c o n c e n t r a t io n  o f  bound t ry p to p h a n  
in  th e  plasma o f  th e  d e p re s s iv e s  was s i g n i f i c a n t l y  lower th a n  i n  th e  
c o n t r o l s  m e r i t s  f u r t h e r  c o n s id e r a t io n .  I t  i s  i n t e r e s t i n g  t h a t  some 
w orkers  r e p o r t  lower l e v e l s  o f  f r e e  t ry p to p h a n  whereas o th e r s  do n o t .  
This d is c re p a n c y  may n o t  s o l e l y  r e f l e c t  d i f f e r e n c e s  i n  methodology and 
c l a s s i f i c a t i o n  (Wood & C oppen,1980). In  th e  s e a rc h  f o r  p r i n c i p a l  
f a c t o r s  t h a t  de te rm ine  t ry p to p h a n  c o n c e n t r a t i o n s  i n  th e  b r a i n ,  
r e s e a r c h e r s  have in  th e  p a s t  fo cu ssed  a t t e n t i o n  on p la sm a - f re e
t ry p to p h a n .  Tagliam onte e t  a l .  (1972) su g g es ted  t h a t  p la s m a - f re e
t ry p to p h an  d e te rm in e s  b r a in  5-HT l e v e l s .  However, a number o f  s t u d i e s  
have been unab le  to  dem onstra te  any a s s o c i a t i o n  between p la sm a - f re e  
t ry p to p h a n  and b r a in  t ry p to p h a n  c o n c e n t r a t i o n s
(M adras,1974;F e r n s t r o m ,1972). In th e s e  s t u d i e s ,  and in  su bsequen t 
rev iew  a r t i c l e s  (e g .  F e r n s t r o m ,1982), th e  a s s o c i a t i o n  between th e  
c o n c e n t r a t io n  o f  plasma-bound t ry p to p h a n  and b r a in  t ry p to p h a n  
c o n c e n t r a t io n  a p p ea rs  to  have been overlooked  (se e  a l s o  C hapter 1 ; 1 . 2 ) .  
I t  i s  im p o r ta n t  to  n o te  t h a t  t ry p to p h a n  i s  th e  on ly  amino a c id  t h a t  i s  
bound to  albumin as  w e ll  as  e x i s t i n g  in  th e  f r e e  s t a t e .  Many o th e r  
n u t r i e n t s ,  i n c lu d in g  f o l i c  a c id  and NEFA b ind  to  a lbum in , and i t  
a p p e a rs  t h a t  i t  i s  th e  v e ry  e x i s t e n c e  o f  try p to p h an -a lb u m in  b in d in g  
t h a t  e n ab le s  th e  r a t i o  o f  try p to p h a n  to  th e  o th e r  n e u t r a l  amino a c id s  
i n  plasma to  in c r e a s e  under v a r io u s  d i e t a r y  c o n d i t io n s ,  e g .  a h ig h  
c a rb o h y d ra te  d i e t  (Madras e t  a l . ,1 9 7 4 ) .  T h e re fo re ,  and am ids t th e
u n c e r t a in t y  t h a t  e x i s t s  over w hether th e  f r e e  o r  bound form i s
178
im p o r ta n t  in  d e te rm in in g  b r a in  t ry p to p h a n  l e v e l s ,  i t  i s  su g g es ted  t h a t  
th e  r a t i o  o f  bound to t o t a l  t ry p to p h a n  i s  under c o n t r o l  o f  h o m e o s ta t ic  
mechanisms, a s  y e t  n o t  u n d e rs to o d .  Such mechanisms may be im paired  in  
d e p re s s io n ,  so t h a t  th e  r a t i o  o f  bound to  t o t a l  t ry p to p h a n  i s  o u t s id e  
’no rm al’ l i m i t s .  Such an h y p o th e s is  i s  su p p o r ted  by r e s u l t s  from t h i s  
s tu d y  as  th e  r a t i o  o f  bound to  t o t a l  t ry p to p h a n  in  plasma were w i th in  a 
v e ry  narrow  range  in  a l l  bu t one o f  th e  c o n t r o l  s u b j e c t s ,  i n  c o n t r a s t  
w ith  th e  u n ip o la r  and b ip o l a r  d e p re s s iv e s  who had l e v e l s  t h a t  were more 
d i s p la c e d  tow ards th e  low er end o f  th e  ’ no rm al’ range  (s e e  Fig 6 . 1 ) .
In  summary, t h i s  s tu d y  has r e v e a le d  abnormal a s c o rb ic  a c id  and f o l i c  
a c id  s t a t u s  in  bo th  u n ip o la r  and b ip o l a r  d e p re s s io n ,  when compared to
c o n t r o l  v a lu e s .  Although th e  most l i k e l y  e x p la n a t io n  f o r  th e  low er
s t a t u s  o f  a s c o rb ic  a c id  was d i e t a r y  l a c k  o f  t h i s  v i ta m in ,  th e  low er 
f o l a t e  s t a t u s  cou ld  n o t  be e x p la in e d  in  t h i s  way. P ro te in - e n e rg y  
in t a k e s  a r e  u n l i k e ly  to  p la y  a m ajor c o n t r i b u t i n g  f a c t o r  i n  th e
a v a i l a b i l i t y  o f  try p to p h a n  to  th e  b r a in  i n  th e  n a t u r a l  o c c u r re n c e  o f
d e p re s s io n .  However, th e  p e rce n tag e  bound to  t o t a l  plasma try p to p h a n  
may have im p o r ta n t  p h y s io lo g ic a l  im portance  i n  d e p re s s iv e  d i s o r d e r s .
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C H A P T E R
THE EFFECTS OF FOLATE DEFICIENCY ON INTESTINAL TRANSPORT AND
MITOTIC INDEX IN THE SMALL INTESTINE OF THE RAT
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8.1 Introduct ion
R ats  dep riv ed  o f  f o l i c  a c id  show reduced i n t e s t i n a l  t r a n s p o r t  o f  
l a c t a t e  and g lucose  (A nsa ri  e t  a l . , 1981). A scorbic  a c id  t r a n s p o r t  may 
a l s o  be a f f e c t e d ,  a s  f o l a t e  d e f i c i e n t  gu inea  p ig s  show reduced  t i s s u e  
c o n c e n t r a t io n  o f  a s c o rb ic  a c id  (Lewis e t  a l . ,1 9 8 2 ) .  These f i n d i n g s ,  
which rem ain l a r g e l y  uncon firm ed , su g g e s t  t h a t  a b s o rp t io n  o f  o th e r  
n u t r i e n t s  may be a f f e c t e d  in  f o l a t e  d e f i c i e n c y .  Of p a r t i c u l a r  i n t e r e s t  
i s  t ry p to p h a n  a b s o r p t io n .  Lehmann e t  a l .  (1981) found d ec re ase d  
t ry p to p h an  a b s o rp t io n  in  p a t i e n t s  w ith  s e n i l e  dem en tia ,  and our own 
s t u d i e s  have shown t h a t  p a t i e n t s  w ith  s e n i l e  dem entia  have low blood 
l e v e l s  o f  try p to p h a n  (se e  Chapter 3 ) .  Low d i e t a r y  in t a k e s  and low 
b io ch em ica l  s t a t u s  o f  f o l i c  a c id  have a l s o  been observed  in  p a t i e n t s  
w ith  s e n i l e  dem entia  (see  Chapter 3 ) ,  and i t  rem ains a p o s s i b i l i t y  t h a t  
th e  f o l a t e  d e f i c i e n c y  and low t ry p to p h a n  s t a t u s  observed  may be 
r e l a t e d ,  i n s o f a r  as  a d e f i c i e n c y  o f  f o l a t e  may a f f e c t  th e  i n t e s t i n a l  
a b s o rp t io n  o f  t ry p to p h a n .  I n h i b i t o r y  e f f e c t s  o f  d i e t a r y  d e f i c i e n c y  on 
amino a c id  a b s o rp t io n  have been observed in  a s c o r b ic  a c id  and 
p y r id o x in e  d e f i c i e n c y  (D allo  e t  a l . ,1 981 ;A satoor e t  a l . ,1 9 7 2 ) ,  b u t  
in fo rm a t io n  on th e  e f f e c t s  o f  f o l i c  a c id  d e f i c i e n c y  on i n t e s t i n a l  
a b s o rp t io n  i s  l a c k in g .
E xperim enta l f o l a t e  d e f i c i e n c y  l e a d s  to  a t ro p h y  o f  th e  sm all  i n t e s t i n e  
and to  reduced m i to s i s  in  th e  i n t e s t i n a l  c r y p t s  (C re a m e r ,1967). 
However, th e  e f f e c t s  o f  f o l i c  a c id  d e f i c i e n c y  on c e l l  p r o l i f e r a t i o n  and 
a b s o r p t iv e  c a p a c i ty  o f  th e  sm all  i n t e s t i n e  have n o t ,  to  th e  b e s t  o f  my 
knowledge, been i n v e s t i g a t e d  in  th e  same a n im a ls .  In view o f  th e  above 
f in d in g s  and c o n s id e r a t io n s  a s tu d y  was c a r r i e d  ou t to  i n v e s t i g a t e  th e  
e f f e c t s  o f  d i e t a r y  f o l i c  a c id  d e f i c i e n c y  on th e  i n - v i t r o  i n t e s t i n a l
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a b s o rp t io n  o f  t ry p to p h a n ,  g lu c o se  and a s c o rb ic  a c i d .  The e f f e c t  on 
m i to se s  in  th e  i n t e s t i n a l  c r y p t ,  and on th e  g e n e ra l  h i s to l o g y  was a l s o  
in v e s t ig a t e d  in  th e  same an im als  and t h i s  c h a p te r  r e p o r t s  th e  r e s u l t s  
o f  th e s e  s t u d i e s .
8 .2  Methodology
Four groups o f  r a t s  were used f o r  th e  ex p e r im en ts :
Groups A and B -  fed  a f o l a t e  d e f i c i e n t  d i e t .
Groups AA and BE -  c o n t r o l s  f o r  groups AA and BB r e s p e c t i v e l y ,  fe d  a 
fed  a f o l a t e  sem i-supplem ented  d i e t .  E verted  i n t e s t i n a l  s a c s  p re p a re d  
from group A and t h e i r  c o n t r o l s ,  by th e  methods d e s c r ib e d  in  C hapter 2 
(S e c t io n  2 . 2 ) ,  were used to  s tu d y  th e  a b s o rp t io n  o f  t ry p to p h a n  and 
g lu c o s e ;  and s a c s  p rep a red  from group B and t h e i r  c o n t r o l s  were used
to  s tu d y  a s c o rb ic  a c id  and g lu c o se  t r a n s p o r t .  P iec es  o f  i n t e s t i n e
o b ta in e d  from a l l  th e  an im als  were used f o r  h i s t o l o g i c a l  exam ina tion  
and m i to t i c  s t u d i e s ,  a s  d e s c r ib e d  in  Chapter 2 ( S e c t i o n 2 .2 ) .  Only 
lo n g i tu d in a l  s e c t i o n s  o f  c r y p ts  and v i l l i  were s e l e c t e d  f o r  c e l l  
p o p u la t io n  c o u n t in g .  C e l l s  were counted  beg inn ing  a t  th e  v i l l o u s  t i p  
and c o n t in u in g  to  an a d ja c e n t  c r y p t ,  r e c o rd in g  th e  number o f  a d u l t  
c e l l s ,  c ry p t  c e l l s  and m i t o t i c  f i g u r e s  s e p a r a t e l y .  Average c r y p t  d ep th
was a l s o  de term ined  by ta k in g  the  mean o f  s e v e r a l  c ry p t  l e n g th s .
8 .3  R e su l ts
The two groups o f  r a t s  r a i s e d  on th e  f o l a t e  d e f i c i e n t  d i e t  had s i m i l a r  
growth cu rves  to  t h e i r  r e s p e c t iv e  c o n t r o l s  (F ig .  8 .1 ) .  A lthough one 
o f  th e  t e s t  group (group B) had c o n s i s t e n t l y  h ig h e r  body w e ig h ts  th a n  
t h e i r  c o n t r o l s ,  t h i s  d i f f e r e n c e  d id  n o t  re a c h  s t a t i s t i c a l  s i g n i f i c a n c e .
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and was r e l a t e d  more to  feed  consumption th a n  d i e t a r y  f o l a t e  d e f i c i e n c y  
s in c e  group B consumed more feed  th an  t h e i r  c o n t r o l s  over th e  co u rse  o f
th e  e x p e r im en t .  Table 8 .1  shows t h a t  t h e r e  was no o v e r a l l
d e m o n s t ra ta b le  e f f e c t  o f  f o l a t e  d e f i c i e n c y  on animal w e ig h ts  n o r  on 
feed  consum ption.
I n i t i a l  serum and e ry th ro c y te  f o l a t e  and serum v i ta m in  B12
c o n c e n t r a t io n s  o f  r a t s  fed  th e  f o l i c  a c id  d e f i c i e n t  d i e t  were s i m i l a r  
to  th o se  o f  c o n t ro l  r a t s  (T ab le  8 . 2 ) ,  and a f t e r  15 weeks on th e  
r e s p e c t iv e  d i e t s  on ly  th o se  an im als  fed  th e  d i e t  d e f i c i e n t  in  f o l i c  
a c id  had s i g n i f i c a n t l y  reduced  f o l a t e  and v i tam in  B12 s t a t u s .
Moreover, th e  m agnitudes o f  r e d u c t io n s  observed  in  serum and 
e ry th ro c y te  f o l a t e  c o n c e n t r a t i o n s  were s i m i l a r  to  t h a t  observed  in  an 
e a r l i e r  s tu d y  in v o lv in g  th e  use o f  s i m i l a r  d i e t s  ( S a d l e r ,1983)•
No e f f e c t  on f o l a t e  s t a t u s  was observed  on fee d in g  th e  f o l a t e  
sem i-supplem ented  d i e t ,  and a l th o u g h  serum v i tam in  B12 was reduced  
a f t e r  15 weeks on t h i s  d i e t ,  th e  m agnitude o f  r e d u c t io n  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  (P > 0 .5 ) .
There was no e f f e c t  o f  f o l a t e  d e f i c i e n c y  on th e  s e r o s a l  t r a n s f e r  o f  
t ry p to p h a n  o r  a s c o rb ic  a c i d ,  a s  mean v a lu e s  f o r  th e  f o l a t e  d e f i c i e n t  
r a t s  were s im i l a r  to  those  o f  c o n t r o l s  (T ab le  8 . 3 ) .  However, th e  mean 
t ry p to p h a n  c o n c e n t r a t io n  g r a d ie n t  developed by s a c s  o b ta in e d  from th e  
f o l a t e  d e f i c i e n t  an im a ls  was 55 % lower th an  th o se  o b ta in e d  from th e  
c o n t r o l  a n im a ls .  Such an e f f e c t  on th e  c o n c e n t r a t io n  g r a d ie n t  was n o t  
observed  fo r  a s c o rb ic  a c id  t r a n s p o r t .
In c o n t r a s t  to  try p to p h an  and a s c o rb ic  a c id  th e  mean t r a n s f e r  r a t e  o f
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T able  8 .1  E f f e c t  o f  F o la te  D e f ic ien cy  on Body w eight and Feed 
Consumption in  th e  Rat
(Values a r e  means ± SEM f o r  groups o f  10 an im als  fed  
d i e t s  w ith  o r  w ithou t f o l i c  a c i d . )
Trea tm ent Group 
P aram eter  Measured F o la te  Supplemented C o n tro ls
I n i t i a l  Weight (g) 183 .2  ± 2 .3  189.3  Î  3 .9
Weight a f t e r  15 weeks (g) 4 7 3 .5 ± 4 3 .1  488 .7  ± 8 .0
Feed Consumption a f t e r  15 weeks (Kg) 11 .0  ± 0 .1  10 .7  ± 0 .8
Table  8 .2  Serum and E ry th ro c y te  F o la te  and Serum Vitam in B-12 
o f  Rats fed  d i e t s  w ith  o r  w ithou t f o l i c  a c id  
(Values a r e  means ± SEM f o r  groups o f  5 an im als)
T rea tm ent Group
Param eter  Measured F o la te  D e f ic i e n t  C o n tro ls
A B AA BB
Serum F o la te  (ng /m l) :
I n i t i a l  2 1 .7  ± 1 .7  17 .2  + 1 .5  1 9 . 1 + 0 .8  1 6 .7 ±  1 .3
A f te r  15 weeks * 6 .  9 : 0 .  5 * 6 .6  + 0 .2  17. 9 ± 0 . 5  15 .2  ± 1 .4
E ry th ro c y te  F o la te  
( n g /m l) :
I n i t i a l  1625 ±101 1531 ± 136 1394 ± 124 1472 ±129
A f te r  15 weeks * 8 1 9  + 31 * 6 7 7  ± 48 1435 ± 143 1194 ±123
Serum V itam in B-12 
(pg/ml)
i n i t i a l  670 + 47 602 + 31 640 ± 44 583 ± 58
A f te r  15 weeks 494 Î  23 451 + 38 545 ± 34 497 ± 67
Values s i g n i f i c a n t l y  lower th an  i n i t i a l  and c o n t ro l  v a lu e s  shown * when 
T -T est ,  P<0.001
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Table  8 ,3  E f f e c t s  o f  F o la te  D e f ic ien cy  on th e  S e ro sa l  T ra n s fe r  o f  
L-Tryptophan and L-A scorbic  Acid and th e  C o n cen tra t io n  
G ra d ie n ts  developed  by s a c s  o f  E verted  I n t e s t i n e
(V alues a r e  means ± SEM f o r  groups o f  5 r a t s  fed  d i e t s  
w ith  and w ith o u t f o l i c  a c id )
Param eter Measured
Tryptophan (E xp t.  1):
S e ro s a l  T ra n s fe r
(u M o les /100 mg. d ry  t i s s u e / h r . )
T rea tm ent Group 
F o la te  D e f ic i e n t  C o n tro ls
3 .99  ± 0 .45 3 .9 6  + 0 .1 2
C o n c e n tra t io n  G rad ien t 
( [ S e r o s a l ] / [ M u c o s a l ] )
%
2 .32  ± 0 .26 4 .25  ± 0 .22
A scorb ic  Acid (E xp t .  2)
S e ro s a l  T ra n s fe r
(u  M oles/100 mg. d ry  t i s s u e / h r . )
C o n c e n tra t io n  G rad ien t 
( [ S e r o s a l ] / [ M u c o s a l ] )
8 .10  ± 1 . 2 4
1.13 ± 0 .13
8.80 ± 0 .75
0 .95  ± 0 .12
Values s i g n i f i c a n t l y  lower th a n  c o n t r o l s  shown * when T -T e s t ,  P<0.001
Experiment 1: I n i t i a l  mucosal and s e r o s a l  try p to p h an  
c o n c e n t r a t io n  =0 .8  mM.
Experiment 2: I n i t i a l  s e r o s a l  ascor,b ic  a c id  c o n c e n t r a t i o n  =1 mM; 
i n i t i a l  mucosal a s c o rb ic  a c id  c o n c e n t r a t io n  = 0 mM.
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g lu c o se ,  a s  measured by s e r o s a l  t r a n s f e r ,  was s i g n i f i c a n t l y  low er in  
s a c s  o b ta in e d  from the  f o l a t e  d e f i c i e n t  r a t s  th a n  i n  th o s e  o b ta in e d  
from r a t s  fed  th e  f o l a t e  sem i-supplem ented  d i e t  (Table  8 . 4 ) .  The 
r e d u c t io n  in  g lu c o se  t r a n s p o r t  when measured in  th o se  s a c s  used f o r  
t ry p to p h a n  s t u d i e s ,  were n o t  o f  th e  same o rd e r  o f  m agnitude a s  th o se  
used f o r  a s c o rb ic  a c id  t r a n s p o r t  s t u d i e s .  In th e  fo rm er,  g lu c o se  
t r a n s p o r t  was a lm ost 11 t im es  low er i n  s a c s  from f o l a t e  d e f i c i e n t  r a t s  
th a n  in  th o se  o f  t h e i r  c o n t r o l s .  W hereas, i n  th e  l a t t e r ,  g lu c o se  
t r a n s p o r t  in  s a c s  from f o l a t e  d e f i c i e n t  r a t s  was 63 % o f  t h a t  o f  th e  
s a c s  from t h e i r  c o n t r o l s .  The c o n t r o l  v a lu e  f o r  s e r o s a l  t r a n s f e r  in  
Experiment 1 was much h ig h e r  th a n  in  Experiment 2, whereas th e  v a lu e s  
in  th e  f o l a t e  d e f i c i e n t  an im a ls  were o f  a s im i l a r  m agnitude . While no 
d i f f e r e n c e  was observed in  th e  mean g lu c o se  c o n c e n t r a t io n  g r a d i e n t s  
between s a c s  p rep a red  from th e  f o l a t e  d e f i c i e n t  an im a ls  and s a c s
p rep a red  from t h e i r  c o n t r o l s  i n  Experiment 2, th e  c o n c e n t r a t i o n
g r a d ie n t  was s i g n i f i c a n t l y  lower i n  s a c s  from th e  f o l a t e  d e f i c i e n t  
an im a ls  th an  in  s a c s  from th e  c o n t r o l s  i n  Experiment 1.
H is to lo g i c a l  exam ination  d id  n o t  r e v e a l  any marked e f f e c t  o f  f o l a t e
d e f i c i e n c y  on g e n e ra l  morphology ( F ig s .  8 .2  & 8 . 3 ) .  V i l l i  were o f  th e  
normal f in g e r  shape and th e r e  was no c o n c lu s iv e  ev idence  o f  v i l l o u s  
a t ro p h y .  The average  i n t e s t i n a l  c ry p t  dep th  was s i m i l a r  between th e  
f o l a t e  d e f i c i e n t  r a t s  and t h e i r  c o n t r o l s  (Tab le  8 . 5 ) ,  and a l th o u g h  th e  
mean m i t o t i c  index was s i g n i f i c a n t l y  h ig h e r  in  one o f  th e  f o l a t e
d e f i c i e n t  group o f  r a t s  (group B) than  in  bo th  c o n t r o l  g ro u p s ,  t h e r e  
was no o v e r a l l  s i g n i f i c a n t  d i f f e r e n c e  when bo th  groups o f  f o l a t e
d e f i c i e n t  r a t s  were compared to g e th e r  (P > 0 .0 5 ) .  However, th e  r a t i o
o f  c ry p t  c e l l s  to  a d u l t  c e l l s  in  th e  sm all  i n t e s t i n e  o f  th e  f o l a t e
d e f i c i e n t  r a t s  was s i g n i f i c a n t l y  lower th an  in  th o se  o f  t h e i r  c o n t ro l s .
Table 8 .4  E f f e c t s  o f  F o la te  D e f ic ien cy  on th e  S e ro s a l  T ra n s fe r
o f  Glucose and the  C o n cen tra t io n  G rad ien ts  Developed
by Sacs o f  Everted  I n t e s t i n e
(Values a r e  means ± SEM f o r  groups o f  5 r a t s  fed  d i e t s  
w ith  o r  w ith o u t f o l i c  a c id )
P aram eter  Measured
Trea tm ent Group 
F o la te  D e f ic ie n t  C o n tro ls
Experiment 1: Glucose + Tryptophan 
S e ro s a l  T ra n s fe r  
(m M o les /100 mg. d ry  t i s s u e / h r . )
C o n c e n tra t io n  G rad ien t 
( [S e ro s a l] / [M u c o s a l ]  )
Experim ent 2: Glucose + A scorb ic  Acid 
S e ro s a l  t r a n s f e r  
(m M oles/100 mg. d ry  t i s s u e / h r . )
C o n c e n t ra t io n  G rad ien t 
( [ S e r o s a l ] / [ M u c o s a l ] )
12.8  ± 1 . 3  135.8 ± 7 . 2
2. 1  ± 0. 1
9 .5  ± 1 .0
2 . 0  ± 0.1
12.9  ± 0 .04
15 .2  ± 1 .7
2.1  ± 0.1
Values s i g n i f i c a n t l y  lower th a n  c o n t r o l s  shown * when T - T e s t , P<0 .05; 
** when P<0.001
Experim ent 1: I n i t i a l  s e r o s a l  and mucosal f l u i d  co n ta in e d  2 7 .7  mM 
g lu c o se  + 0 .8  mM try p to p h a n  in  p e r fu s io n  medium.
Experiment 2: I n i t i a l  s e r o s a l  f l u i d  c o n ta in e d  2 7 .7  mM g lu c o se  + 1 mM 
a s c o rb ic  a c id  in  p e r fu s io n  medium. I n i t i a l  mucosal f l u i d  c o n ta in e d  
2 7 . 7  mM g lucose  in  p e r fu s io n  medium.
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Fig 8 .2  H i s to lo g i c a l  Appearance o f  th e  Small I n t e s t i n e  o f  a 
Rat fed a F o la te  Semi-Supplemented D ie t (Mag.X 10)
F ig  8 .3  H i s to lo g i c a l  Appearance o f  th e  Small I n t e s t i n e  o f  a 
Rat fed  a F o la te  D e f ic i e n t  D ie t (M a g .X 10)
'  S ' t r " '  Î 
■yr '
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8.4  Discuss ion
Most d i e t s  used fo r  i n v e s t i g a t i n g  f o l a t e  d e f i c i e n c y  in  th e  r a t  a r e  
based on v i t a m i n - f r e e  c a s e in ,  though p r o t e i n  d e f i c i e n t  d i e t s ,  and more 
r e c e n t l y ,  a s y n th e t i c  amino a c id  d i e t  have been used w ith  some su c c e s s  
(Walzem e t  a l . , 1983). Use o f  a v i t a m i n - f r e e  c a s e in  d i e t  i n  th e  p r e s e n t  
experim ent proved s u c c e s s f u l  in  in d u c in g  f o l a t e  d e f i c i e n c y ,  w ith  marked 
r e d u c t io n s  i n  serum and red  c e l l  f o l a t e  c o n c e n t r a t i o n s  w ith o u t  any 
marked e f f e c t  on body w eight o r  feed  consum ption. The f a c t  t h a t  body 
w eigh ts  were m a in ta ined  to  c o n t r o l  v a lu e s  i s  im p o r ta n t  i n  one r e s p e c t .  
C o n s id e rab le  v a r i a b i l i t y  e x i s t s  i n  p a ram e te rs  employed f o r  e x p re s s in g  
’ i n - v i t r o ’ i n t e s t i n a l  t r a n s f e r  c a p a c i ty  ( L e v i n , 1967); and th e  use  o f  
s e r o s a l  t r a n s f e r  ex p ressed  per  u n i t  w eight o f  t i s s u e ,  a s  used h e r e ,  has  
been q u es t io n ed  on th e  b a s i s  t h a t  some c o n d i t io n s ,  in c lu d in g  d i e t a r y  
d e f i c i e n c y ,  may a l t e r  th e  i n t e s t i n a l  w eight ( L e v i n , 1967). 
C onsequen tly , changes in  th e  th ic k n e s s  o f  th e  g u t w a ll  and m ucosal a re a  
may a l t e r  th e  amount o f  s u b s tan ce  t r a n s f e r r e d  to  th e  s e r o s a l  f l u i d  
(Levin e t  a l . , 1965). S ince mucosal a re a  i s  r e l a t e d  to  body w e ig h t ,  
though t e n t a t i v e l y  ( L e v i n ,1967), and s in c e  th e  body w e ig h ts  d id  n o t  
change in  th e  e x p e r im e n ts , t h e r e  was no ev idence  to  su g g e s t  an e f f e c t  
o f  f o l a t e  d e f i c i e n c y ,  o f  th e  m agnitude o b se rv ed ,  on m ucosal a r e a .  
T h e re fo re ,  e x p re s s in g  s e r o s a l  t r a n s f e r  per  u n i t  t i s s u e  w eigh t i s  
j u s t i f i e d  in  th e  p r e s e n t  e x p e r im e n ts .  A lso , th e  m o rp h o lo g ica l  
appearance o f  th e  i n t e s t i n e  in  th e  f o l a t e  d e f i c i e n t  r a t s  was n o t  
co n s id e re d  to  be abnorm al.
The f in d in g  t h a t  s e r o s a l  t r a n s f e r  o f  t ry p to p h a n  was n o t  a f f e c t e d  by 
f o l a t e  d e f i c i e n c y  s u g g e s ts  t h a t  a b s o rp t io n  o f  t h i s  amino a c id  i s  n o t  
d ec re ase d  in  f o l a t e  d e f i c i e n c y .  However, no s in g le  p a ram e te r  i s
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s u f f i c i e n t  to  d e s c r ib e  ’ i n - v i t r o ’ a b s o rp t io n  (Newey & Sm yth ,1966), and 
th e  f in d in g  o f  a lower mean c o n c e n t r a t io n  g r a d ie n t  i s  s a c s  from th e  
f o l a t e  d e f i c i e n t  an im a ls  su g g e s t  th a  a b s o rp t io n  may be compromised in  
f o l a t e  d e f i c i e n c y  by lo s s  o f  th e  c o n c e n t r a t in g  a b i l i t y  o f  th e  
i n t e s t i n a l  a b s o rp t iv e  c e l l s .  Tryptophan i s  t r a n s p o r t e d  a c ro s s  th e  
i n t e s t i n e  by c a r r i e r  m edia ted  t r a n s p o r t  (Benson & Rampone,1 9 6 7 ) ,  and 
the  f a c t  t h a t  th e  c o n c e n t r a t io n  g r a d ie n t s  developed in  s a c s  p re p a re d  
from both  th e  f o l a t e  d e f i c i e n t  and c o n t r o l  r a t s  was g r e a t e r  th a n  u n i t y  
does n o t  su g g es t  o th e rw is e .  However, a cc o rd in g  to  S tevens  e t  a l .
(1984),  d i f f u s i o n  c o n t r i b u t e s  s i g n i f i c a n t l y  to  amino a c id  t r a n s p o r t ,  
and the  f in d in g s  o f  s i m i l a r  t r a n s p o r t  r a t e s  and d i f f e r i n g  c o n c e n t r a t i o n  
g r a d ie n t s  f o r  t ry p to p h an  may i n d i c a t e  t h a t  o n ly  th e  c a r r i e r  m edia ted  
com ponent(s) o f  t ry p to p h a n  t r a n s p o r t  was compromised in  f o l a t e  
d e f i c i e n c y .  The s i t u a t i o n  i s  complex, b u t  th e  f in d in g s  d i f f e r  from 
th o se  o f  A nsari e t  a l .  (1981) who d id  n o t  r e p o r t  any e f f e c t  o f  f o l a t e  
d e f ic ie n c y  on a l a n in e  t r a n s p o r t .  However, a l a n in e  and t ry p to p h a n  do 
n o t  always sh a re  common c a r r i e r  mechanisms (S tev en s  e t  a l . ,1984) so 
t h a t  th e  e f f e c t s  o f  d i e t a r y  f o l a t e  d e f i c i e n c y  on th e  i n t e s t i n a l  
a b s o rp t io n  o f  th e s e  amino a c i d s  may n o t  be com parable.
In c o n t r a s t  to  t ry p to p h a n ,  t h e r e  was no ev idence  o f  an e f f e c t  o f  f o l a t e  
d e f i c i e n c y  on a s c o rb ic  a c id  t r a n s p o r t .  A scorbic  a c id  i s  m a in ly  
t r a n s p o r te d  by s im ple  d i f f u s i o n  ex ce p t a t  lu m in a l  c o n c e n t r a t i o n s  below 
6 mM when a c t i v e  t r a n s p o r t  p redom ina tes  ( R o s e ,1980). The m ucosal 
c o n c e n t r a t io n  o f  a s c o rb ic  a c id  used in  th e s e  experim en ts  was l e s s  th a n  
6 mM and under th e s e  c o n d i t io n s  a s c o r b ic  a c id  t r a n s p o r t  i s  m a in ly  by an 
energy  dependent a c t i v e  p ro c e ss  and i t  seems t h a t  f o l a t e  d e f i c i e n c y  had 
no e f f e c t  on t h i s  mechanism. Whether o r  n o t  th e  d i f f u s i o n a l  component 
i s  a l t e r e d  can o n ly  be de term ined  by f u r t h e r  experim en ts  em ploying
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d i f f e r e n t  i n i t i a l  mucosal c o n c e n t r a t i o n s .
The i n h i b i t o r y  e f f e c t  on g lu c o se  t r a n s p o r t  observed  in  th e  f o l a t e  
d e f i c i e n t  an im a ls  con firm s  e a r l i e r  work (A nsa ri  e t  a l . , 1981). C o n tro l  
v a lu e s  o b ta in e d  in  s a c s  w ith  t ry p to p h a n  p r e s e n t  in  th e  mucosal f l u i d  
were m arkedly  h ig h e r  than  in  s a c s  w ith  a s c o r b ic  a c id  p r e s e n t .  This may 
i n d i c a t e  a s t im u la to r y  e f f e c t  o f  t ry p to p h a n  on g lucose  t r a n s p o r t  under 
th e  c o n d i t io n s  o f  th e  ex p er im en t .
A mucosal c o n c e n t r a t i o n  o f  28 mM g lu c o se  was used in  th e  e x p e r im e n ts ,  
and a t  t h i s  c o n c e n t r a t io n  a s c o r b ic  a c id  i s  t r a n s f e r r e d  p red o m in an tly  by 
a d i f f u s i o n a l  pathway (S tevens  e t  a l . ,1 9 8 4 ) ,  and th e  low er g lu c o se  
t r a n s p o r t  observed su g g e s ts  t h a t  membrane com position  i s  a l t e r e d  in  
f o l a t e  d e f i c i e n c y ,  s in c e  t h e r e  was no c o n c lu s iv e  ev idence  o f  v i l l o u s  
a t ro p h y  o r  a l t e r e d  h i s to lo g y  o f  th e  sm all  i n t e s t i n e  o f  th e  f o l a t e  
d e f i c i e n t  r a t s  to  su g g es t  a d e c re a se  i n  mucosal a r e a .  T o ta l  b ru sh  
b o rd e r  p r o t e i n  c o n te n t  have been r e p o r te d  to  be reduced  as  a r e s u l t  o f  
f o l a t e  d e f i c i e n c y  (Badcock & Tomkins,1978 ),  though in fo rm a t io n  on b ru sh  
b o rde r  l i p i d  com position  in  t h i s  v i ta m in  d e f i c i e n c y  i s  l a c k in g .
E xperim enta l f o l a t e  d e f i c i e n c y  i s  u s u a l l y  accompanied by v i l l o u s  
a t ro p h y  and by i n h i b i t i o n  o f  m i to s i s  i n  th e  c ry p t  (Badcock & Tomkins, 
1978) .  C arbohydrate  a b s o rp t io n  however, i s  n o t  u s u a l l y  a f f e c t e d  by 
f o l a t e  d e f i c i e n c y ,  and a d ec re ase d  a b s o rp t io n  i s  n o t  u s u a l l y  seen  in  
i n d i v id u a l s  w ith  t r o p i c a l  sp rue (G oetsch & K l i p s t e i n , 1977). These 
f in d in g s  have been e x p la in e d  on th e  b a s i s  t h a t  t h e r e  i s  a s low ing  o f  
c e l l  t r a n s i t  t im e from c ry p t  to  v i l l o u s  t i p ,  r e s u l t i n g  in  hyperm atu re  
c e l l s  having  g r e a t e r  th a n  normal c o n c e n t r a t i o n s  o f  d i s a c c h a r id a s e s  ( 
see Chapter 1; S e c t io n  1 .3 .4 ) .  However, i n  th e  p r e s e n t  s e r i e s  o f
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experim en ts  th e  m i t o t i c  index  in  i n t e s t i n a l  c ry p ts  o b ta in e d  from f o l a t e  
d e f i c i e n t  r a t s  was h ig h e r  than  i n  th o se  o f  c o n t r o l s .  A lthough t h i s  
d i f f e r e n c e  d id  n o t  r e a c h  s t a t i s t i c a l  s i g n i f i c a n c e ,  i t  i s  i n t e r e s t i n g  to  
n o te  t h a t  in  th e  m a la b so rp t io n  syndrome, i d i o p a t h i c  s t e a t o r r h e a ,  t h e r e  
i s  p ro b ab ly  an in c re a s e  in  th e  number o f  m i to se s  ( S h i n e r , 1966). 
However, t h e r e  i s  u s u a l l y  an in c r e a s e  in  th e  c ry p t  le n g th  i n  t h i s  
c o n d i t io n ,  and as t h i s  was n o t  observed  in  th e  f o l a t e  d e f i c i e n t  r a t s ,  
th e  e f f e c t  observed  on g lu c o se  and try p to p h a n  t r a n s p o r t  c an n o t  be 
a t t r i b u t e d  to  g e n e r a l i s e d  m a la b s o rp t io n .  The f in d in g  o f  a low er r a t i o  
o f  c ry p t  c e l l s  to  a d u l t  c e l l s  in  th e  f o l a t e  d e f i c i e n t  r a t s  s u g g e s t  t h a t  
th e  r e l a t i v e  number o f  a d u l t  c e l l s  was in c r e a s e d .  This may i n d i c a t e  a 
d e c re a se  in  c e l l  t r a n s i t  t im e in  f o l a t e  d e f i c i e n c y .  D ecreased c e l l  
t r a n s i t  t im e has been reco rd ed  in  e x p e r im e n ta l  f o l a t e  d e f i c i e n c y  by 
o th e r  w orkers  (Badcock & Tomkins, 1978).
Our f in d in g s  o f  im paired  i n t e s t i n a l  a b s o rp t io n  o f  g lu c o se  and 
t ry p to p h a n  in  f o l a t e  d e f i c i e n c y  s u g g e s ts  t h a t  o th e r  n u t r i e n t s  may be 
a f f e c t e d  in  t h i s  c o n d i t io n .  This may be o f  im portance to  th e  a e t i o l o g y  
o f  s e n i l e  dem entia  and d e p re s s io n ,  where m u l t ip l e  d i e t a r y  and 
b iochem ica l  d e f i c i e n c i e s  have been found (se e  C hap ters  3 & 8 ) .
M alabso rp tion  o f  t ry p to p h an  have a l r e a d y  been observed  among p a t i e n t s  
w ith  s e n i l e  dem entia  (Lehmann e t  a l . ,1 9 8 1 ) ,  and r e s u l t s  from our an im al 
experim en ts  su g g e s t  t h a t  such m a la b so rp t io n  may be m ed ia ted  th ro u g h  
f o l i c  a c id  d e f i c i e n c y .
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Evidence o f  n eu ro t r a n s m i t t e r  a b n o r m a l i t i e s  in  s e n i l e  dem en tia  and 
d e p r e s s io n ,  and s tu d ie s  d e m o n s tra t in g  e f f e c t s  o f  d i e t a r y  components on 
n e u r o t r a n s m i t t e r  m etabolism  p rov ided  a b iochem ica l and n u t r i t i o n a l  
b a s i s  f o r  th e  s tu d i e s  r e p o r te d  in  t h i s  t h e s i s .  In a c r o s s - s e c t i o n a l  
s tu d y ,  s e n i l e  dem entia  was found to  be a s s o c ia t e d  w ith  ’ low’ a s c o r b ic  
a c id  and f o l i c  a c id  s t a t u s .  Thiamin d e f i c i e n c y  was a l s o  observed  in  a 
t h i r d  o f  p a t i e n t s  w ith  th e  d i s e a s e ,  b u t  was n o t  p e c u l i a r  to  t h i s  
s e c t io n  o f  th e  p o p u la t io n  as  a  s i m i l a r  p ro p o r t io n  o f  h e a l th y  e l d e r l y  
c o n t r o l  s u b je c t s  a l s o  had b iochem ica l  ev idence  o f  th iam in  d e f i c i e n c y .  
Homeostatic mechanisms no rm ally  o p e ra te  s e rv in g  to  m a in ta in  c o n s ta n t  
b r a in  c o n c n e t r a t io n s  o f  th e se  v i t a m in s ,  and i t  might be ex p ec ted  t h a t  
th e  b iochem ica l d e f i c i e n c i e s  observed  in  s e n i l e  dem entia  may n o t  a f f e c t  
b r a in  c o n c e n t r a t io n s  s i g n i f i c a n t l y .  However, animal s t u d i e s  s u g g e s t  
t h a t  th e  b lo o d -b ra in  b a r r i e r  i s  a f f e c t e d  in  s e n i l e  dem entia  (W isniewski 
& K ozlow ski, 1982) so t h a t  normal CNS hom eostas is  may n o t  o p e r a t e  i n  
t h i s  d i s o r d e r .  In view o f  such c o n s id e r a t io n s ,  and th e  f a c t  t h a t  
ex p e r im en ta l  v i ta m in  d e f i c i e n c i e s  can r e s u l t  i n  im pa ired  b r a in  
neu r o t r a n s m i t t e r  m etabolism  (B la ss  & G ib s o n ,1980;P l a i t a k i s  e t  a l . , 1978) 
i t  i s  su g g es ted  t h a t  th e  low a s c o r b ic  a c i d ,  th iam in  and f o l i c  a c id  
s t a t u s  may pu t th e  su p p ly  o f  th e s e  e s s e n t i a l  n u t r i e n t s  to  th e  b r a i n  a t  
r i s k  in  s u s c e p t i b l e  i n d i v i d u a l s ,  and may c o n t r i b u t e  to  f i n d i n g s  o f  
im paired  b r a in  neu r o t r a n s m i t t e r  tu rn o v e r  ( G o t t f r i e s  e t
a l . , 1968 ; C a r l s s o n , 1978;P e r ry  e t  a l . ,1 9 7 7 ) .  Moreover, w h ile  t h e  low er 
a s c o rb ic  a c id  s t a t u s  found in  p a t i e n t s  w ith  s e n i l e  dem entia  cou ld  be 
accounted  fo r  by poor d i e t a r y  in t a k e s  o f  t h i s  v i ta m in ,  th e  d e f i c i e n t  
f o l i c  a c id  s t a t u s  cou ld  n o t  be so e x p la in e d .  This s u g g e s ts  a l t e r e d  
f o l a t e  m etabo lism , im paired  a b s o rp t io n  o r  in c re a s e d  u t i l i z a t i o n  i n  th e  
d i s e a s e .
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The n u t r i t i o n a l  s t a t u s  o f  r i b o f l a v i n ,  p y r id o x in e ,  and v i ta m in  A in  
p a t i e n t s  w ith  s e n i l e  dem entia  were found to  be i n  a normal ra n g e .  Thus 
th e r e  was no ev idence  to  su g g es t  a r o l e  o f  th e s e  v i ta m in s  i n  th e  
a e t io lo g y  o f  s e n i l e  dem en tia .  P rev ious  f in d in g s  o f  p y r id o x in e  
d e f i c i e n c y  in  s e n i l e  dem entia  (Carney, 1979) may be m is le a d in g  as th e  
l e s s  a c c u ra te  ALT % a c t i v a t i o n  method was employed to  a s s e s s  p y r id o x in e  
s t a t u s .  The e x i s t e n c e  o f  m u l t ip l e  d i e t a r y  d e f i c i e n c i e s  i n  th e  p a t i e n t s  
may compromise t h e i r  h e a l t h ,  b u t  l e s s  emphasis i s  p la c e d  on th e s e  
f in d i n g s  s in c e  s i m i l a r  m u l t ip l e  d i e t a r y  d e f i c i e n c i e s  were a l s o  found 
among e l d e r l y  community c o n t r o l s .
Zinc and copper a r e  r e q u i r e d  as co-enzymes f o r  TH, and d e f i c i e n c i e s  in  
th e s e  t r a c e  e lem ents  r e s u l t  in  m enta l changes (L indem ann,1980). S ta tu s  
w ith  r e s p e c t  to  both  th e s e  n u t r i e n t s  was found to  be normal in  s e n i l e  
dem entia  a l th o u g h  plasma z in c  l e v e l s  were h ig h e r  i n  p a t i e n t s  w ith  th e  
d i s e a s e .  T h e re fo re ,  c o n t r a r y  to  th e  s u g g e s t io n  made by B u rn e t t  (1 9 8 1 ) ,  
t h e r e  was no ev idence  to  su g g es t  an involvem ent o f  z in c  in  th e  
a e t io lo g y  o f  s e n i l e  dem en tia .  However, th e  unexpected  f in d in g  o f  
h ig h e r  serum copper in  th e  d i s e a s e  may r e f l e c t  in c re a s e d  breakdown o f  
DBH and ty r o s in a s e  in  th e  b r a i n .  This p o s s i b i l i t y  i s  s u p p o r ted  by 
f in d i n g s  o f  reduced b r a in  enzyme a c t i v i t y  i n  s e n i l e  dem entia  (Bowen e t  
a l . ,1974).  Our s tu d y  a l s o  r e v e a le d  t h a t  hyperca lcaem ia  was p r e s e n t  i n  
35 % o f  th e  p a t i e n t s ,  a f in d in g  t h a t  cou ld  n o t  be e x p la in e d  by d i e t a r y  
calc ium  or v i ta m in  D i n t a k e s ,  and the  p o s s i i l i t y  o f  a l t e r e d  ca lc ium  
m etabolism  i n  th e  d i s e a s e  shou ld  be c o n s id e re d .  O s te o p o ro s is  i s  
i n v a r i a b ly  found in  p a t i e n t s  w ith  s e n i l e  dem en tia ,  and h y p e rca lcae m ia  
can produce memory d e f i c i t s  and p e r s o n a l i t y  changes ; two changes 
t y p i c a l  o f  s e n i l e  dem en tia .
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F in d in g s  o f  low er plasma try p to p h a n  in  s e n i l e  dem entia  by Shaw e t  a l .  
( I 98I )  p rovided  th e  imputus to  s tu d y  try p to p h a n  s t a t u s  i n  p a t i e n t s  w ith  
t h i s  d i s o r d e r .  Our s tu d y  confirm ed e a r l i e r  f in d in g s  (Shaw e t  a l . ,1981) 
and p rov ided  im p o rtan t  in fo rm a t io n  as  to  p o s s ib le  mechanisms. The 
plasma bound, and n o t  th e  f r e e  t ry p to p h a n  f r a c t i o n  was found to  be 
r e s p o n s ib le  f o r  th e  low er plasma t ry p to p h a n ,  and w h ile  low er serum 
albumin and h ig h e r  NEFA c o n c e n t r a t i o n s  c o n t r ib u te d  to  th e  f i n d i n g s ,  no 
s a t i s f a c t o r y  e x p la n a t io n  cou ld  be proposed fo r  th e  low er plasm a bound 
try p to p h an  n o te d .  The p o s s i b i l i t y  t h a t  th e  kynuren ine  pathway may have 
been s tum ula ted  was examined by m easuring  th e  u r in a r y  NM N/creatinine 
r a t i o ,  b u t  i t  was concluded , on th e  s t r e n g t h  o f  ev idence  t h a t  t h i s  
r a t i o  was low er i n  s e n i l e  dem entia  and t h a t  n i c o t i n i c  a c id  in t a k e s  were 
a d e q u a te ,  t h a t  s t im u la t i o n  o f  th e  pathway d id  n o t  c o n t r i b u t e  t o  th e  
f in d i n g s .  I t  must be re c o g n is e d ,  however, t h a t  th e  kynuren ine  pathway 
i s  complex, in v o lv in g  B v i ta m in s  in  in te rm e d ia ry  m e tabo lism  and
a f f e c t e d  by en d -p ro d u c t  i n h i b i t i o n .  V aluable  in fo rm a t io n  can be
o b ta in ed  by m easuring e x c r e t io n  o f  th e  o th e r  m e ta b o l i t e s  o f  th e  
pathway. In fo rm atio n  o b ta in e d  in  a c r o s s - s e c t i o n a l  s tu d y ,  o f  th e  type  
perform ed , i s  n o t  s u f f i c i e n t  to  e l u c i d a t e  th e  r o l e  o f  n u t r i t i o n  i n  th e  
s e n i l e  dem entia  syndrome. V aluab le  in fo rm a t io n  can be o b ta in e d  by 
lo n g i tu d in a l  s tu d ie s  and s t u d i e s  i n v e s t i g a t i n g  th e  e f f e c t s  o f
su p p le m e n ta t io n .  In our i n v e s t i g a t i o n  o f  v i ta m in  su p p le m e n ta t io n  in
s e n i l e  dem en tia ,  in fo rm a t io n  was o b ta in e d  n o t  o n ly  on th e  b io c h em ic a l  
and psychom etric  e f f e c t s , b u t  v a lu a b le  d a ta  was o b ta in e d  t h a t  was 
e s s e n t i a l l y  o f  a s h o r t  te rm  l o n g i tu d in a l  n a t u r e , s in c e  p a t i e n t s  were 
s e l e c t e d  from th e  o r i g i n a l  group used in  th e  c r o s s - s e c t i o n a l  s tu d y .  
The r e s u l t s  a t  th e  s t a r t  o f  th e  su p p lem en ta t io n  p e r io d  s u b s t a n t i a t e d  
our e a r l i e r  f in d in g s  on v i ta m in  and try p to p h a n  s t a t u s ,  and showed t h a t  
a s i g n i f i c a n t  d e c l in e  in  a s c o r b ic  a c i d ,  th ia m in  and f o l i c  a c id  s t a t u s
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occu rred  over a p e r io d  o f  1-2 y e a r s  o f  b e in g  in  th e  h o s p i t a l .  Although 
mere d em o n s tra t io n  o f  a d e c l in e  i n  s t a t u s  canno t be i n t e r p r e t e d  as 
ev idence  o f  a c a u s a t iv e  r o l e  o f  v i ta m in  d e f i c i e n c y  in  s e n i l e  dem en tia ,  
i t  su g g e s ts  a v i s c i o u s  c i r c l e  o f  e v e n t s , a k in  to  an e x a c e rb a t io n  o f  th e  
o rg an ic  d i s o r d e r .  Vitamin su p p lem en ta t io n  f o r  2 months r e s u l t e d  in  
improved s t a t u s  w ith  r e s p e c t  to  a l l  v i ta m in  m easurem ents, a s  was to  be 
expec ted  from p re v io u s  work w ith  g e r i a t r i c s  (Hoorn e t  a l . ,1 9 7 3 )» 
However, p a t i e n t s  had low er serum f o l i c  a c id  and h ig h e r  e r y th r o c y te  
f o l i c  a c id  than  c o n t ro l  s u b je c t s  a f t e r  th e  p e r io d  o f  s u p p le m e n ta t io n .  
These r e s u l t s  cou ld  n o t  be e x p la in e d  by d i e t a r y  i n t a k e s ,  and i t  was 
su g g es ted  t h a t  m a lab so rp t io n  and th e  p resen ce  o f  a v u ln e ra b le  f o l a t e  
w ith  h ig h  m e tab o lic  tu rn o v e r  may be c o n t r i b u t i n g  f a c t o r s .  Of more 
im portance to  th e  i n v e s t i g a t i o n  was w hether v i ta m in  su p p lem en ta t io n  
cou ld  cause an improvement i n  th e  m enta l c o n d i t io n  seen  i n  th e
p a t i e n t s .  The r e s u l t s  su g g e s t  t h a t  t h i s  i s  s o ,  b u t  o n ly  i n  a sub-group  
o f  p a t i e n t s . The p o s s i b i l i t y  t h a t  th e  improvement no ted  may have been 
m ediated  by v i ta m in -m in e ra l  o r  v i ta m in - t ry p to p h a n  i n t e r a c t i o n s  was
i n v e s t i g a t e d ,  b u t  such i n t e r a c t i o n s  cou ld  n o t  be d em o n s tra ted .  The 
m ental improvement observed  was n o t  marked. I t  may be t h a t  th e  p e r io d  
o f  su p p lem en ta t io n  was too  s h o r t .  The o rg an ic  psychoses  r e p r e s e n t  a
s t a t e  o f  c h r o n i c i t y  i n  which th e r e  i s  g lo b a l  d e g e n e ra t io n  i n  g re y
m a t te r ,  and th e  e x p e c ta t io n  t h a t  v i ta m in  su p p lem en ta t io n  i n  th e  
p h y s io lo g i c a l  range  would produce d ram a tic  improvement i s  an o p t i m i s t i c  
and somewhat exagge ra ted  view, and when a s s e s s in g  such t r e a tm e n t  one 
must be aware o f  t h i s .  N e v e r th e le s s ,  when th e  deg ree  o f  improvement by 
v i ta m in  supp lem en ta t ion  i s  compared to  p ha rm aco log ica l  t r e a tm e n t s ,  i t  
i s  found t h a t  v i ta m in  su p p lem en ta t io n  o f f e r s  a d eg ree  o f  b e n e f i c i a l  
e f f e c t  t h a t  i s  com parable to  drug th e ra p y .  Moreover, v i ta m in  
supp lem en ta t io n  i n  th e  p h y s io lo g ic a l  ran g e  does n o t  s u f f e r  from th e
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d isad v a n ta g e  o f  s i d e - e f f e o t s , a s  i s  th e  case  w ith  d ru g s .
The n a tu re  o f  the  p ro g re s s io n  o f  s e n i l e  dem entia  s u g g e s ts  t h a t  i t  i s  a t  
th e  f i r s t  s t a g e ,  where memory and n e u r o lo g i c a l  l e s i o n s  a r e  n o t  marked, 
t h a t  t r e a tm e n t  m o d a l i t i e s  may be expec ted  to  have g r e a t e r  e f f i c a c y .  
R esu l ts  from the  v i ta m in  su p p lem en ta t io n  s tu d y  in  p a t i e n t s  w ith  s e n i l e  
dem entia  encouraged work on su p p lem en ta t io n  in  phase-one d em en tia .  
From th e  degree  o f  improvement no ted  in  th e  psychometry r a t i n g s  i t  i s  
concluded th a t  v i ta m in  su p p lem en ta t io n  prove more e f f i c a c i o u s  in  
phase-one  dem entia  th an  in  th e  more advanced s e n i l e  d em en tia .  
C oncurrent drug  tre a tm e n t  may have p layed  a p a r t ,  b u t  cou ld  n o t  accoun t 
f o r  th e  s i g n i f i c a n t  improvements in  th e  HNF, DCT and OLT r e s u l t i n g  from 
v i ta m in  sup p lem en ta t io n  when compared to  th e  p la ceb o .  Data o b ta in e d  
from some o f  the  s u b je c t s  c o n t in u in g  on th e  v i ta m in  s u p p lem en ta t io n  f o r  
a t o t a l  p e r io d  o f  6 months s u g g e s ts  t h a t  g r e a t e r  improvement may be 
expec ted  on prolonged su p p le m e n ta t io n .
R es id en ts  in  P a r t  111 accommodation may be a v u ln e r a b le  group in  
d eve lop ing  s e n i l e  dem entia  s in c e  Hare S ca le  R a t in g s  showed t h a t  some o f  
th e  r e s i d e n t s  s tu d ie d  had memory im pairm en t.  F in d in g s  o f  low v i ta m in  
and t ry p to p h an  s t a t u s  in  P a r t  111 accommodation r e s i d e n t s  s i m i l a r  to  
t h a t  no ted  in  s e n i l e  dem entia  s u g g e s ts  t h a t  th e  memory im pairm ent cou ld  
have been r e l a t e d  to  th e  low v i ta m in  and t ry p to p h an  s t a t u s .  However, a 
s i g n i f i c a n t  p ro p o r t io n  o f  r e s i d e n t s  a l s o  had ev idence  o f
hypomagnesaemia and h y p e rca lcae m ia ,  which cou ld  n o t  be accoun ted  f o r  by 
d i e t a r y  i n t a k e s ,  and which p ro b ab ly  c o n t r ib u te d  to  th e  memory 
im pairm ent n o te d .  Hypermagnesaemia and hyperca lcaem ia  a r e  c o n d i t io n s  
w ith  n e u r o lo g ic a l  and m ental m a n i f e s t a t i o n s  (L indem ann,1980). The 
b iochem ica l  d e f i c i e n c i e s  found to  be most p r e v a l e n t  i n  th e  r e s i d e n t s  in
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P a r t  111 accommodation were a s c o r b ic  a c i d ,  f o l i c  a c id  and th ia m in ,  and 
q u i t e  a p a r t  from the  s i m i l a r i t y  i n  th e  f in d in g s  to  th o se  i n  p a t i e n t s  
w ith  s e n i l e  dem en tia ,  i t  s u g g e s ts  t h a t  t h i s  s e c t i o n  o f  th e  e l d e r l y  
p o p u la t io n  i s  v u ln e ra b le  to  dev e lo p in g  n u t r i t i o n a l  d e f i c i e n c y ,  which 
may be c o r r e c te d  by b e t t e r  d i e t a r y  p r o v i s io n s .
S e n i le  dem entia  and d e p re s s io n  a r e  s e p a r a t e  e n t i t i e s  i n  t h e i r  own 
r i g h t ,  b u t  t h e r e  a r e  i n s t a n c e s  in  which th e y  occur t o g e t h e r ,  and 
s tu d ie s  show t h a t  in  bo th  d i s o r d e r s  th e  u n d e r ly in g  b io ch em ica l  
a b b e ra t io n  in v o lv e s  im pairm ent i n  n e u r o t r a n s m i t t e r  m e tabo lism . Low 
e r y th r o c y te  f o l a t e  and plasma a s c o rb ic  a c id  c o n c e n t r a t i o n s ,  low th ia m in  
s t a t u s  and low plasma c o n c e n t r a t i o n s  o f  bound t ry p to p h a n ,  i n  th e  
p resence  o f  normal plasma f r e e  t ry p to p h a n  c o n c e n t r a t i o n s ,  were 
c o n s i s t e n t  f i n d i n g s  in  p a t i e n t s  w ith  d e p re s s io n  and in  p a t i e n t s  w ith  
s e n i l e  dem en tia .  This su g g e s ts  t h a t  n u t r i t i o n  p lays  a s i m i l a r  r o l e  in  
bo th  d i s o r d e r s .  The im portance  o f  th e s e  f in d iu n g s  to  b r a in  
n e u r o t r a n s m i t t e r  m etabolism  has a l r e a d y  been d i s c u s s e d .  I t  i s  o f  
i n t e r e s t  to  n o te  t h a t  low th iam in  and f o l i c  a c id  s t a t u s  were common 
f in d i n g s  amongst th e  p a t i e n t s .  B otez e t  a l .  (1979) su g g es ted  t h a t  th e  
e f f e c t  o f  f o l i c  a c id  d e f i c i e n c y  on b r a in  5-HT i s  m edia ted  by th ia m in  
d e f i c i e n c y ,  and our f in d in g s  len d  s u p p o r t  to  t h i s .  The s i t e  o f  th e  
i n t e r a c t i o n  may be a t  th e  i n t e s t i n a l  e p i th e l iu m ,  a s  our work showed 
t h a t  f o l a t e  d e f i c i e n c y  can r e s u l t  i n  im paired  n u t r i e n t  a b s o r p t i o n .  Our 
c o n s i s t e n t  f in d i n g s  o f  low er plasma-bound try p to p h a n  in  th e  p re sen ce  o f  
normal p la sm a - f re e  t ry p to p h a n  l e v e l s  in  u n ip o la r  and b i p o l a r  d e p re s s io n  
m e r i t s  f u r t h e r  i n v e s t i g a t i o n .  I t  i s  su g g es ted  t h a t  th e  plasma-bound 
try p to p h an  f r a c t i o n  may be more im p o r ta n t  i n  d e te rm in in g  b r a in  5-HT 
c o n te n t  than  p r e v io u s ly  c o n s id e re d ,  and t h a t  th e  r a t i o  b o u n d / to ta l  
t ry p to p h an  may prove to  be a v a lu a b le  in d e x ,  a s  w ith  th e  r a t i o  o f  t o t a l
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t ry p to p h a n  to  th e  o th e r  com peting amino a c i d s ,  i n  d e te rm in in g  b r a in  
5-HT c o n t e n t .
In an a t te m p t  to  a s s e s s  w hether th e  low v i ta m in  and t ry p to p h a n  s t a t u s  
found in  th e  p sy c h o t ic  d i s o r d e r s ,  s e n i l e  dem entia  and d e p re s s io n ,  cou ld  
have a r i s e n  from m a lab so rp tio n  caused by f o l a t e  d e f i c i e n c y ,  i n t e s t i n a l  
t r a n s p o r t  s t u d i e s  were performed u s in g  th e  f o l a t e  d e f i c i e n t  r a t  a s  a 
s u i t a b l e  model fo r  such s t u d i e s .  F in d in g s  i n d i c a t e  t h a t  f o l a t e  
d e f i c i e n c y  does n o t  a f f e c t  a s c o rb ic  a c id  t r a n s p o r t ,  b u t  a f f e c t s  g lu c o se  
t r a n s p o r t  and the  a b i l i t y  o f  th e  i n t e s t i n a l  e p i t h e l i a l  c e l l s  to  
c o n c e n t r a te  t ry p to p h a n ,  w ith o u t  a f f e c t i n g  th e  s e r o s a l  t r a n s f e r  o f  t h i s  
amino a c i d .  The f in d in g  o f  reduced  g lucose  t r a n s p o r t  co n f irm s  e a r l i e r  
work by A nsari e t  a l .  (1981 ) .  Our s tu d i e s  were performed a t  mucosal 
c o n c e n t r a t io n s  t h a t  a r e  known to  p e rm it  c a r r i e r - m e d ia te d  t r a n s p o r t  more 
r e a d i l y  th an  t r a n s p o r t  by d i f f u s i o n .  F u r th e r  s t u d i e s  i n v e s t i g a t i n g  
t r a n s p o r t  w ith  v a ry in g  mucosal c o n c e n t r a t i o n s  would p ro v id e  u s e f u l  
in fo rm a t io n .  P e r fu s io n  s tu d ie s  in  p a t i e n t s  w ith  th e  o rg a n ic  and 
f u n c t io n a l  psychoses must be performed to  v e r i f y  anim al f i n d i n g s .  
M alabso rp tion  o f  t ry p to p h an  has a l r e a d y  been observed among p a t i e n t s  
w ith  s e n i l e  dem entia  (Lehmann,1980), and r e s u l t s  from our an im al 
s tu d ie s  su g g e s t  t h a t  such m a la b so rp t io n  may be m ediated  th ro u g h  f o l i c  
a c id  d e f i c i e n c y .  P rev ious  r e p o r t s  o f  im paired  m i to s i s  and v i l l o u s  
a t ro p h y  in  ex p e r im en ta l  f o l a t e  d e f i c i e n c y  (Badcock & T om kins ,1978) 
could  no t be supported  by our s t u d i e s .  I n s te a d ,  our r e s u l t s  su g g e s te d  
a p o s s ib le  in c r e a s e  in  m i t o s i s ,  a f in d in g  norm ally  found in  th e  
m a la b so rp t io n  syndrome, i d i o p a t h i c  s t r e a t o r r h e a .  The absence  o f  
v i l l o u s  a t ro p h y  i n  our f o l a t e  d e f i c i e n t  r a t s  may i n d i c a t e  t h a t  th e  
f o l a t e  d e f i c i e n c y  was n o t  s e v e re  enough. N e v e r th e le s s  a low er 
c r y p t / v i l l i  c e l l  r a t i o  was found in  f o l a t e  d e f i c i e n c y ,  i n d i c a t i n g
203
d ecreased  c e l l  t r a n s i t  t i m e . T h ere fo re  c e l l  p r o l i f e r a t i v e  change was 
observed  in  f o l a t e  d e f i c i e n c y  in  our s tu d y ,  and su g g e s ts  t h a t  th e
a b n o rm a l i t i e s  in  try p to p h a n  and g lucose  t r a n s p o r t  no ted  were i n  some
way m ediated  through c e l l  p r o l i f e r a t i v e  changes. A s tu d y  employing a 
l a r g e r  group o f  an im als  and a t  d i f f e r e n t  s ta g e s  o f  f o l a t e  d e f i c i e n c y  
would c l a r i f y  th e  s i t u a t i o n .
Our c o n s i s t e n t  f in d i n g s  o f  v i ta m in  d e f i c i e n c i e s  i n  p a t i e n t s  w ith
p s y c h i a t r i c  d is tu rb a n c e s  i s  a m a t te r  o f  immediate co n ce rn .  Care o f  
e l d e r l y  p s y c h i a t r i c  p a t i e n t s  p r e s e n t s  a burden to  th e  s t a t e ,  and w ith  
th e  i n c r e a s in g  p ro p o r t io n  o f  peo p le  re a c h in g  o ld  age ,  t h i s  burden i s  
l i k e l y  to  be in c r e a s e d .  Our s tu d y  has  shown t h a t  v i ta m in  
supp lem en ta t io n  can r e s u l t  i n  improved m ental fu n c t io n  i n  th o se
a f f l i c t e d  w ith  s e n i l e  d em en tia .  B ut, i t  i s  a t  th e  e a r l y  s t a g e  o f  th e  
d i s e a s e  where n u t r i t i o n a l  i n t e r v e n t i o n  ap p ea rs  to  be o f  g r e a t e r  
b e n e f i t .  T h e re fo re ,  i d e n t i f i c a t i o n  o f  th o se  a t  r i s k  o f  d ev e lo p in g  
s e n i l e  dem entia  i s  an im p o r ta n t  t a s k  o f  th e  m ed ica l and h e a l th  
p r o f e s s i o n a l s .  Such i d e n t i f i c a t i o n  on p s y c h o lo g ic a l  grounds i s  
ex t re m e ly  d i f f i c u l t ,  and more s e n s i t i v e  t e s t s  o f  a dem enting p ro c e s s  i s  
needed . B iochem ical assessm en t o f  n u t r i t i o n a l  s t a t u s  may a id  in  
i d e n t i f y i n g  those  a t  r i s k ,  and r e s u l t s  from our s tu d y  s u g g e s t  t h a t  P a r t  
I I I  accommodation r e s i d e n t s  may be a ’ v u ln e ra b le  g ro u p ’ . More c a r e f u l  
a t t e n t i o n  to  th e  d i e t  o f  such s e c t i o n s  o f  th e  p o p u la t io n  i s  t h e r e f o r e  
recommended.
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Appendix 1 : In su lin  a ssay  P rotocol
Reagents
1. B u ffe r  : 0 .04 M p h o sp h a te ,  PH 7 .4 ,  c o n ta in in g  0 .01 M EDTA.
2 . Assay d i l u e n t ;  Add BSA t o  0 .5  % to  th e  r e q u i r e d  volume
o f  b u f f e r .
3. C h a rc o a l - s t r ip p e d  serum; I n s u l i n - f r e e  serum i s  used fo r  
d i l u t i n g  th e  i n s u l i n  s ta n d a rd .
4. I n s u l in  a n t is e ru m ; A n t i - i n s u l i n  serum (g u in ea  p ig )
GP 16. D i lu t io n  1: 20,000.
5. Second a n t is e ru m : G uildhay donkey a n t i - g u in e a  p ig  (D /23) .  
D i lu t io n  1:20
6. Label : Amersham I n t .  Ltd I - i n s u l i n  (1M 38).
7. S ta n d a rd s :  Welcome i n s u l i n  s ta n d a rd  (RD 13).
8. Q u a l i ty  C o n tro l s :  Obtained from C l i n i c a l  B iochem is try  D ep t. ,  
U n iv e r s i t y  o f  S u rrey .  Serum p o o ls  a re  sp iked  w ith  i n s u l i n  to  
f i v e  l e v e l s .  A liq u o ts  a re  f r e e z e - d r i e d  and s to r e d  a t  4°C. 
Each v i a l  i s  r e c o n s t i t u t e d  w ith  500 u l  d e io n is e d  w a te r .
The fo l lo w in g p ro to c o l  i s adopted : -
T o ta l  0 3. 
Counts
13 6. 25 12 .5  25 50 100 200 NSB T est
serum
Tube numbers 1-3 4-6 7- 9 10-12 13-15 16-18 19-21 22 -24 25-27 28-30
S tr ip p e d
serum
50 — — — - - 250 -
S tanda rds -  -  50 50 50 50 50 50 - -
T e s t  serum — — — — — — - - - -
F i r s t
a n t i - s e ru m
-  200 200 200 200 200 200 200 200 -
I - I n s u l i n 200 200 200 200 200 200 200 200 200 200
Vortex mix and in c u b a te  a t 21°C f o r  24 h r s .
Second
a n t i - s e ru m
-  100 100 100 100 100 100 100 100 100
NGPS -  50 50 50 50 50 50 50 50 50
PEG 600 600 600 600 600 600 600 600 600 600
In cu b a te  a t  4°C f o r  2 h r s . C e n t r i fu g e  a t  2500 rpm f o r  30 min.
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Appendix 3: D e te rm ina t ion  o f  Plasma Z inc, Copper, Calcium and
Magnesium by Atomic A bsorp tion  Spectropho tom etry
Zinc and Copper:
1) Samples o f  plasma were d i l u t e d  1 i n  10 (200 u l  o f  plasma and 1 .8  
ml o f  DI/RO w a te r ) .
2) A s e r i e s  o f  s ta n d a rd s  were p rep a red  from a s to c k  s o l u t i o n  o f
0.1 mM Zinc A ceta te /C opper C h lo r id e  s o l u t i o n ,  a cc o rd in g  to  th e  fo l lo w in  
g
s c h e d u le : -
0.1 mM s to c k ( m l .) V ol. o f  DI/RO w a te r (m l .) Cone. ( uM)
0 .1 9 .9 1 .0
0 .2 9 .8 2 .0
0 .4 9 .6 4 .0
0. 6 9 .4 6 .0
0 .8 9 .2 8 .0
1 .2 8 .6 12.0
The absorbance o f  th e  samples and s ta n d a rd s  was measured on an 
ITL353 a tom ic a b s o rp t io n  sp e c tro p h o to m e te r ,  u s in g  th e  fo l lo w in g  
s e t t i n g s : -
Zinc Copper
Wavelength 213 .9  nm 324 .7  nm
Lamp C urren t 320 mA 320 mA
S l i t  Width 5 um 5 um
V oltage  530 mV 530 mV
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Appendix 3 (Contd.)
Magnesium and Calcium:
1) Samples o f  plasma were d i l u t e d  1 i n  100 u s in g  0 .1  % lanthanum 
c h lo r id e  (50 u l  plasma and 4 .9 5  ml lanthanum  c h l o r i d e ) .
2) A s e r i e s  o f  s ta n d a rd s  were p rep a red  from a 1 mg/ml (2 4 .9  mM) 
Calcium N i t r a t e  s o lu t i o n  and a 1 mg/ml (41 .1  mM) Magnesium N i t r a t e  
s o lu t i o n  as  fo l lo w s  : -
Calcium Magnesium
ock(ml) DI/RO w ater(m l) Conc(mM) Stock(m l) DI/RO w a te r Conc(mM)
0 .4 9 .6 1 .0 1.0 9 .0 0 .5
0 .6 9 .4 1.5 1 .5 8 .5 0 .75
0 .8 9 .2 2 .0 2. 0 8 .0 1.0
1 .0 9 .0 2 .5 2 .5 7 .5 1 .2 5
1 .2 8 .8 3 .0 3 .0 7 .0 1.5
The above s ta n d a rd s  were f u r t h e r  d i l u t e d  1 i n  50 (50 u l  + 2 .4 5  ml 
lanthanum  c h lo r id e  s o lu t i o n  (0 .1  % v / v ) , and th e  a b s o rp t io n  o f  
th e  plasma samples and s ta n d a rd s  were measured by a tom ic a b s o r p t io n ,  
u s in g  th e  fo llo w in g  p a ram e te rs  on th e  IL353 in s t r u m e n t : -
Wavelength 
Lamp C urren t 
S l i t  Width 
V oltage
Magnesium Calcium
285 . 2  nm 
320 mA 
7 um 
530  mV
422 .7  nm 
320 mA 
7 um 
530 mV
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Appendix 4; Composition o f  animal feed
(Composition o f  d i e t  based  on t h a t  d e s c r ib e d  by Thomson e t  a l .  (1972)
F o l i c  ac id  d e f i c i e n t  d i e t :
I n g r e d ie n t  % by w eigh t
G e la t in  8 .0
Glucose 4 5 .0
Corn O il 2 .0
V itam in -F ree  Casein 2 0 .0
Hydrogenated v e g e ta b le  o i l  16 .8
S a l t  M ixture 6 .0
V itam in M ixture 2 .2
F o l ic  a c id  sem i-supplem ented  d i e t :  Add 0 .3 5  mg f o l i c  a c id  p e r
Kg o f  th e  f o l i c  a c id  d e f i c i e n t  d i e t
Composition o f  S a l t  M ixture Composition o f  F o la te -F re e  
V itam in M ixture
(When used a t  s p e c i f i e d  l e v e l  c o n t r i b u t e s  th e  fo l lo w in g  per  Kg 
o f  d i e t )
I ro n 60 mg V itam in A 1100 i  .u
C obalt 0 .6 mg V itam in  D 2200 i  .u
Manganese 60 mg V itam in  E 110 mg
Copper 12 mg V itam in B 17.6 mg
Zinc 224 mg V itam in  K 22 mg
Io d in e 0 .6 mg N ic o t in ic  Acid 44 mg
Magnesium 1200 mg Calcium P a n th o th e n a te 44 mg
C hlorine 3600 mg V itam in B 22 mg
Sodium 2400 mg V itam in  B 22 mg
Phosphorus 6000 mg V itam in B 22 ug
Calcium 7200 mg B io t in 44 ug
Potass ium 6000 mg V itam in C 44 mg
Selenium 0 .0 6 mg I n o s i t o l 440 mg
P-am inobenzoic  a c id 110 mg
Choline c h lo r id e 440 mg
The v i ta m in  co n te n t  o f  th e  c a s e in  was by th e  m a n u fa c tu re rs  a n a l y s i s
as fo l lo w s : Vitamin B 
V itam in  B 
V itam in B 
N ic o t in ic  Acid 
P a n th o th e n ic  Acid 
Choline 
F o l ic  Acid
0. 4 mg/kg 
1.1 mg/Kg 
0 .4  mg/Kg 
14 mg/Kg 
2 . 9 mg/Kg 
300 mg/Kg 
0 .0 4  mg/Kg
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Appendix 5: Parameters for  Cobas-Bio instrum ent fo r  Glucose a ssay
1. U nits mMol/1
2 , C a lc u la t io n  F ac to r 0
3. S tandard  1 Cone. 0.555
4, S tandard  2 Cone. 2.775
5. S tandard  3 Cone. 11.1
6. L im it 20
7. Temperature [Deg. C] 37 .0
8. Type o f  A na lys is 1
9. Wavelength [nm] 610
10. Sample Volume [ u l ] 20
11. D ilu e n t  Volume [ u l ] 10
12. Reagent Volume [ u l ] 120
13. In cu b a t io n  Time [ s e c ] 0
14. S t a r t  Reagent Volume [ u l ] 0
15. Time o f  F i r s t  Reading [ s e c ] 900
16. Time I n t e r v a l  [ s e c ] 10
17. Number o f  Readings 10
18. B lanking  Mode 1
19. P r in to u t  Mode 1
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Appendix 6: Routine S ta in in g  w ith Haematoxylin and Eosin
Me thod
1. Dewax in  xy lene
2. T ra n s fe r  to  100 % a lc o h o l
3. T ra n s fe r  to  70 % a lc o h o l
4. T ra n s fe r  to  50 % a lc o h o l
5. T ra n s fe r  to  d i s t i l l e d  w ate r
6. S ta in  i n  haem atoxylin
7. Rinse i n  t a p  w ater
8. D i f f e r e n t i a t e  i n  1 % ac id  a lc o h o l
9. Blue in  ta p  w ater
10. S ta in  in  1 % eo s in
11. Rinse i n  t a p  w ate r
12. Dehydrate in  85 % a lc o h o l
13. Dehydrate in  100 % a lc o h o l
14  ^ II It II II II
15 C le a r  i n  xy lene  
16. Mount in  D. P.X.
3 mins 
1 min 
1 min
1 min
1 min 
15 min 
1 min 
5-10 sec  
10 min
2 min 
5 min
30 sec  
30 sec  
30 sec  
30 sec
This i s  a r e g r e s s iv e  s t a i n i n g  method in  which s e c t i o n s  a r e  o v e r s ta in e d  
and th e  s t a i n  s e l e c t i v e l y  removed in  a c id  a l c o h o l .  S e c t io n s  may be 
examined under th e  low power o f  a m icroscope and re tu rn e d  to  
haem atoxylin  i f  n o t  b lu e  enough o r  to  a c id  a lc o h o l  i f  n o t  
d i f f e r e n t i a t e d  enough.
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Appendix 7 : Feulgen R eaction S ta in in g  Technique
1. Remove wax by p a s s in g  th rough  two changes o f  x y lene  and two 
changes o f  a b s o lu te  a lc o h o l  (2-3  min. each) and wash in  
runn ing  ta p  w a te r .
2. Wash in  co ld  1 N HCl.
^ 0
3. Hydrolyse in  1 N HCl a t  60 C f o r  te n  m in u te s .
4. Rinse in  d i s t i l l e d  w ater
5. Cover i n  S c h i f f s  r e a g e n t  f o r  an h o u r .
6. Wash f o r  15 m inutes in  warm runn ing  w a te r .
7. C o u n te r s ta in  in  0 .5  % aqueous l i g h t  g reen  f o r  one m inu te .
8. Dehydrate in  70 % a lc o h o l  f o r  0 .5  min.
9. Dehydrate in  a b s o lu te  a lc o h o l  f o r  0 .5  min.
10. C lear  in  x y le n e .
11. Mount in  DPX s y n th e t i c  r e s i n  medium.
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